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ABSTRACT 
ALTERNATIVE CONCEPTIONS HELD BY ADULTS ON THE CONCEPT OF 
DECOMPOSITION AND THE CYCLIC NATURE OF MATTER 
ELIZABETHANN KOSCHER, 
B.S., AMERICAN INTERNATIONAL COLLEGE 
M.A., WESTFIELD STATE COLLEGE 
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Richard D. Konicek 
The research question: What do adults understand 
about the cyclic nature of matter and the concepts in 
decomposition? This study examined the scientific and 
alternate views on the concept of decomposition in two 
phases. The first is a constructive phase and dealt with 
collecting ideas and terminology. The validation phase 
determined how many adults shared the ideas collected. The 
constructive phase involved clinically interviewing 20 
adult subjects of various age groups and educational 
backgrounds using open ended questions and concepts 
mapping. The validation stage was administrating a survey 
constructed with the ideas found in the clinical 
interviewing to various people randomly in public places 
and employment facilities. Additional data was collected 
regarding the experience of the subjects in composting and 
gardening or courses in biology or chemistry. This data 
was examined to identify what ideas are held most often by 
adults, what ideas are not in conjunction with scientific 
concepts, and what variables might have produced the 
factors based on a constructivist approach to educational 
development. The findings include firmly held ideas about 
the decomposition of bones and the lack of understanding 
the microbial role of decomposition. 
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CHAPTER 1 
INTRODUCTION 
This study developed over the course of four years of 
both formal and informal research. It evolved through 
experience and interest in research on the subject of 
decomposition, as well as inquiry into the development of 
scientific concepts. Training and practice using research 
instruments such as clinical interviewing, concept maps, 
surveys, spreadsheets, and statistical analysis tools led 
to a design for the study. Current science standards and 
environmental issues underline the need for such a study. 
Background of the Problem 
For the past decade, researchers have found that, 
although students seem to be learning science concepts and 
passing tests, they actually develop understandings 
different from those held by their teachers or the 
scientific community (Driver & Easley, 1978; Duckworth, 
1979). Further research has been conducted to investigate 
and identify these alternative constructs, beginning with 
physics (Byron & Clement, 1978; Clement, 1981b; Erickson, 
1979) and chemistry (Cullen, 1990), and then including 
biological concepts (Arnaudin & Mintzes, 1985; Brumby, 
Garrard & Auman, 1985; Hills, 1989; Mintzes, 1989; Tamir, 
Gal-Choppin & Nussionovitz, 1981; von Glasersfeld, 1990), 
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and specifically the decomposition and cyclic nature of 
matter (Novick & Nussbaum, 1981; Sequeira & Freitas, 1986; 
Smith & Anderson, 1986; Leach, Konicek, and Shapiro, 1992; 
Campbell, Konicek, Koscher, LaCorte, Sioui Laffond, and 
Waldoch, 1993; Hellden, 1993 Waldoch, 1994). 
These studies have done much to provide information to 
science educators, classroom teachers, and those designing 
curricula. The constructivist epistemology posits that a 
student brings to the learning situation previous knowledge 
and beliefs that influence the way she or he perceives the 
lesson. Much has been discovered about how students learn 
or resist learning concepts (Pines, Novick, Posner, & Van 
Kirk, 1977; von Glasersfeld, 1989a). Osborne & Wittrock 
(1983) suggest that some students learn because their 
previous experience makes the lesson relevant; some learn 
in spite of the conflict between new information and their 
original beliefs; and some eventually revert to their 
original ideas (Duckworth, 1979; Hawkins, 1978; Schneps, 
1988). Some researchers suggest that we all have our own 
private universes, perceiving everything in our own unique 
ways (Schneps & Sadler, 1988; von Glasersfeld, 1989b). 
Teachers believe they are teaching scientific concepts 
but, under close examination, the alternative views 
students hold vary widely from the scientific ideas being 
taught. These misconceptions,! alternative frameworks, or 
personal ideas, might continue throughout adult lives, 
resisting alteration. The film Private Universe (Schneps, 
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1988) revealed that alternative views held by graduates of 
Harvard University were to a surprising extent out of line 
with those of the scientific community. Research further 
demonstrated that attempts to reteach a student with 
alternative views on the causation of seasons were not 
completely successful (Schneps, 1988). Science education 
research has been identifying these alternative views and 
their origins, and developing strategies for changing them 
(Lochhead, 1977; Stavy, 1991; Stavy & Berkovitz, 1980; 
Nussbaum & Novick, 1982). 
The well-known story of the blind men who encounter an 
elephant is a good analogue to the political dilemma that 
arises. As each man felt one part of the elephant, he 
saw| the beast from his personal perspective. Likewise, 
students solve problems dealing with "the elephant" in 
their own ways, and make decisions based on their narrow 
vision. Voters, too, see the environment and related 
political issues in the context of their personal needs and 
concerns. Perhaps if we had an understanding of what 
personal views adults held on certain concepts, we would be 
able to help them expand their insight, and to persuade 
them to think out their choices more carefully with regard 
to the environment. 
More and more teachers are finding that they need to 
know their students' alternative views on scientific 
concepts before they are able to plan curriculum and 
conceptual development. In this study, we needed to 
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identify the alternative views that adults harbor in order 
to determine what alternative views survive and are 
developed through formal and informal education. In other 
words, do these ideas metamorphose to become sophisticated 
understandings similar to those of the scientist? If 
schools fail to teach students, do adults go on to change 
and develop scientific concepts on their own? Media 
coverage and advertisement assume that adults do understand 
decomposition (i.e., landfills, wastewater treatment, and 
lawn or garden care). The term biodegradable is used in 
both commercial and public service advertising. Viewers, 
in turn, employ the term often-but do they understand the 
meaning of the word? Users of septic tanks and compost 
piles must understand the role of microorganisms in 
decomposition before they will buy packets of 
microorganisms to enhance the process. Such knowledge of 
microorganisms might also dissuade them from adding harmful 
substances that would inhibit the decomposition process. 
Adler (1992) wrote of an overzealous environmentalist 
campaign that capitalized on the naivete of children and 
their parents. It suggested apocalyptic scenarios, 
imploring students not to let their families use plastics 
and to reject all "styrofoam" packaging and cups. Parents 
easily fall prey to these scare tactics when they do not 
understand concepts such as the cyclic nature of matter, or 
decomposition. Recycling and biodegradability have become 
"politically correct," but the public needs to understand 
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what those terms mean. To many, "recycling" means little 
more than using the aluminum in cans to make new cans; the 
broader meaning is subsumed by the pragmatic. 
Building on the work of Smith and Anderson (1986), 
further research on the child's understanding of 
decomposition was conducted in Leeds, England (Leach et 
•/ 1992). Students were interviewed and given paper—and— 
pencil tasks to determine what children at various age 
levels understood. Among others, researcher Richard 
Konicek collaborated with the English team and brought the 
research model home to our team at the University of 
Massachusetts at Amherst. The English design was studied, 
changes made, and a similar study with American children 
was conducted. We, too, were interested in children's 
concepts of causation in decomposition. As in the British 
test group, age seemed to influence the children's 
explanations. The University of Massachusetts' research 
team found that there was clearly a progression in thinking 
from simple to more complex explanations as the children 
became older. Additionally, children whose life 
experiences - such as home composting and gardening - had 
exposed them to decomposing organic matter demonstrated a 
relatively deeper understanding of the processes involved 
in decomposition and the transfer of material as nutrients 
to the soil (Campbell et al., 1993). 
Age and experience seem to have some influence on the 
kind of alternative views the subjects hold, as well as 
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whether they have ideas similar to the scientific views. 
It seemed to follow that research ought to be done with 
subjects beyond formal schooling to see if adult 
individuals as they acquire experience arrive at 
understandings of specific concepts and if they continue to 
embrace their personal ideas. 
Statement of the Problem 
Educational reform has developed goals and aspirations 
for future generations. In line with this, the American 
Association for the Advancement of Science challenges us to 
educate a scientifically literate public (Loucks-Horsley, 
Kapitan, Carson, Kuerbis, Clark, Nelle, Sachse & Walton, 
1990). In order to do this, we need to assess what adults 
understand about common phenomena and how their ideas 
compare with those of the scientific community. Private 
Universe presents a survey of adult graduates from Harvard 
University, the majority of whom could explain neither the 
concept of seasons nor the phases of the moon in a manner 
consistent with accepted scientific explanation. Benton, 
Mintzes, Kendrick & Solomon (1993) found that young adults 
hold confused notions of bacterial and viral diseases. 
These studies and others suggest that many adults do not 
comprehend scientific issues in a way that is consistent 
with the views of the scientific or political community. 
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Similarly, it would be important to know just what adults 
do understand about decomposition. 
Advocates of democracy believe that an educated 
population is necessary; that they will understand issues 
and elect representatives who support their wishes. It 
appears, however, that we may not be able to rely on this 
supposition, at least with regard to the voters making 
decisions that demand sound comprehension of certain 
scientific concepts. Decisions based on popular confusion 
and misinformation could adversely affect this and future 
generations. 
An example occurred recently in the town of Ludlow, 
Massachusetts. A composting firm, New Generations, was 
shut down just months after it opened, because, although 
there was no odor at the time, neighbors were convinced 
that the process of composting would foul the air in the 
near future. Articles in the newspaper generated enough 
controversy that the town forced the company to close. An 
attempt to move the project to the nearby town of Brimfield 
was foiled when similar fears kept it out there, too. 
Those environmentalists who study global problems advocate 
"recycling" these "biodegradable" materials rather than 
adding them to a landfill, yet composting lawn refuse was 
considered dangerous. As in the fable of the elephant, 
each sees the problem from his or her own narrow 
perspective. 
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A Swedish town was debating the possibility of using 
an incinerator for refuse disposal. During the discussion, 
many of the adult residents revealed their confusion and 
misunderstanding of the process of incineration. They were 
most concerned with whether or not the incinerator was 
going to give off dirty, smelly smoke. They showed an 
ignorance of the much more hazardous problem of odorless, 
colorless toxic vapors given off in the burning process. 
If the Swedish townspeople could not see anything or smell 
anything, they did not seem to think it posed a problem 
(Hellden, 1993). 
Communities regularly confront environmental issues. 
They make decisions such as whether or not to allow 
landfills, incineration facilities, composting plants, and 
recycling centers; whether to allow the application of 
fertilizers, insecticides, and road salt. Concurrent with 
these controversies are issues of policy surrounding 
automobile emissions and industrial pollutants, which also 
require specific understandings of the cyclic nature of 
matter. This leads us to pose the following question: Is 
the concept of the cyclic nature of organic matter one of 
the vital areas that the average student in public 
education should master? It would seem so; and, in fact, 
the new science standards for the state of Massachusetts 
and the nation require lessons on recycling and 
decomposing, matter and energy in ecosystems. 
8 
Purpose of the Study 
We have undertaken this project in order to 
investigate what adults understand - or believe - about the 
physical process of decomposition. The research teams from 
the University of Massachusetts at Amherst, and the study 
in Leeds, England, found there was little evidence that 
children hold understandings similar to those of scientists 
on the subject. 
Several questions arose: 
• What "alternative views" do adults hold about the 
decomposition of organic matter? 
• What is the distribution of those who hold 
scientific views and those who have alternative 
views? 
• Are adults' ideas on decomposition correlated 
with their life experience? 
Significance of the Study 
Students leave school with a variety of 
understandings: some underdeveloped, some quite contrary 
to those of the scientific community, many unique to the 
individual. Over the past two decades, many studies on 
alternative concepts have been conducted. Organizations 
have sprung up which provide opportunities for 
constructivist educators and researchers to share and 
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discuss their findings. The more science educators 
understand the learning difficulties in conceptual 
development, the better teaching techniques will become. 
As teachers are exposed to research that shows the 
difficulty in developing scientific concepts in the 
traditional manner, educators are producing activities, 
strategies, and lessons to build on alternative 
conceptions. The motivation for some science educators is 
the desire to move students' understandings toward a more 
scientific conceptualization, while others wish to develop 
the students' awareness of the scientific concepts with 
which to compare their personal views. Using these 
approaches, educators may hope to guide students so that as 
adults they will be able to make wiser environmental 
choices. 
This study adds data to the accumulating evidence of 
personal ideas or alternative conceptual frameworks, and 
looks into how these alternative views grow, change, or 
remain intact in the adult. The study extends the 
research, which has previously concentrated on schoolage 
children or college students, to include a range of older 
subjects. Finally, it looks at some of the factors that 
might influence the development of these concepts: 
Education - Do courses in chemistry or biology help 
one to understand concepts of 
decomposition better? 
Occupation - Does a person whose occupation involves 
preservation or decomposition have a 
better understanding of decomposition 
than someone in a career not related to 
the process? 
Experience - Does having a compost pile or garden 
generate an understanding of the 
concepts surrounding decomposition? 
Age - Does understanding the concept of 
decomposition change with increase age? 
Aside from the exploration of what scientific ideas 
are held by adults, this study delves into some of the 
relationships between experience and scientific 
understandings. It is vital to investigate what adults 
understand about decomposition for two reasons. First, 
adults make political and personal decisions based on their 
alternative views, so we need to know what those ideas are. 
Second, it would be useful to know to what extent such 
ideas change after formal schooling ends. Perhaps if we 
have evidence to show that problems in conceptual 
development exist and continue throughout adulthood, 
educators will become more aware of the lasting influence 
they have on their students throughout life. Unless 
education changes, the body politic will continue to make 
ill-advised choices that will have adverse effects on the 
environment, such as Massachusetts' referendum repeal of 
the "bottle bill," reluctance to implement recycling or 
11 
consignment of yard waste to landfills when it could be 
composted. 
Definition of Terms 
Alternative Views/ Misconceptions: ideas or 
understandings that deviate from those established by the 
scientific community (in some cases, synonymous with the 
judgmental term "misconceptions," which has fallen out of 
common use). 
Concept: A model in which relationships and patterns 
form an explanation of how a phenomena in science works 
built by the learner through sensual experience. 
Conception: An idea which may be part of a concept. 
Constructivist epistemology: the theory that 
individuals idiosyncratically construct their own meaning 
from sensory inputs (Osborne, 1983), or, a "self regulated 
process of resolving inner conflicts that are often 
apparent through concrete experiences, collaborative 
discourse, and reflection" (Grennon Brooks & Brooks, 1993). 
Conceptual understanding: the variety of elements 
that, grouped together, form the framework and the 
understanding of a whole concept. 
Concept mapping: two-dimensional, hierarchical, node¬ 
link representation. The subject draws a series of boxes 
in a hierarchical manner to explain his or her conceptual 
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understanding, from general to specific, with some 
interrelationships indicated (Novak, 1990). 
Clinical interviewing: a one-on-one questioning 
session in which the interviewer utilizes a series of 
probes to determine the way the subject is thinking. 
Metacognition: student-directed formative evaluation 
of the student's own learning (Gunstone, Gray, & Searle, 
1992) . 
The next chapters will show the development of this 
study from the inspiration of the epistemology of 
constructivism through model research projects of others 
and the compilation of data. It will document how the 
study was designed and carried out as well as what was 
determined from the information. The next chapter will 
relate the research that has been done in constructivism to 
the research most closely related to this study. 
CHAPTER 2 
LITERATURE REVIEW 
Constructivism 
The theory of constructivism rests on two 
principles . . . Principle one states that 
knowledge is not passively received, but actively 
built up by the cognizing subject. Ideas and 
thoughts cannot be communicated in the sense that 
meaning is packaged into words and "sent" to 
another who unpacks the meaning from the 
sentences. That is, as much as we would like to, 
we cannot put ideas in students' heads, they will 
and must construct their own meanings. Our 
attempts at communication do not result in 
conveying meaning but rather our expressions 
evoke meaning in another, different meanings for 
each person. Principle two states that the 
function of cognition is adaptive and serves the 
organization of the experiential world, not the 
discovery of ontological reality (Wheatley,1991). 
Ernst von Glasersfeld (1989a) points out through 
constructivist epistemology that we can no longer take for 
granted that communicating information by means of spoken 
or written language will lead to objective knowledge and 
understanding by the recipient. Research has demonstrated 
that just telling students the right answer does not work 
(Lochhead, 1983). Knowledge is constructed of the 
learner's sensual interactions, experience with the 
external world, and the individual's mind (Driver & 
Erickson, 1983). 
Over the past decade, many research studies have been 
conducted to determine how students learn, what they learn, 
and what instructional methods have been most successful. 
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Through analysis of this huge bulk of information, the 
constructivist epistemology has been reinforced and 
expanded. Specific work started with studies in physics, 
then broadened to explore many fields, including biology. 
Various methods for collecting data have been examined, 
amassing wonderful information upon which to base a study. 
This chapter looks at articles from the general 
epistemology to the specific work that inspired this 
research. It examines evidence and theories from 
constructivist research, as well as studies in biology and 
decomposition. It examines the successful research methods 
chosen for this study, such as concept mapping, 
questionnaires, clinical interviewing, open-ended 
questioning, and two-phase style research. 
Alternative Frameworks (Alternative Views) 
Mestre and Touger (1989) pointed out that some 
teachers think students come to the physics classroom with 
"clean mental slates," and that learning can begin 
unimpeded. If this were the case, teachers would have an 
easier time presenting material and having it assimilated. 
It has become clear, though, that people do not come to a 
learning situation with a blank mind ready for the teacher 
to "pour in" the knowledge. Instead, it is recognized that 
learning is active and that the learner is the one who 
builds the ideas. Experiences begin sometime around birth. 
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and concepts form as the learner makes sense of his or her 
world. Learners come to new situations with sophisticated 
ideas of their own. If the new experience relates to these 
personal views, that experience may build conceptual 
understanding. Duckworth (1979) refers to the previous 
learning as "a network of ideas in which to embed" the new 
learning. 
Often, however, the conclusions drawn are not what was 
planned by the teacher; each learner has his or her own 
interpretation of the learning situation, based on the 
personal concepts that were brought to the lesson (Simpson 
& Marek, 1988; Smith & Anderson, 1986; Stepans & 
Dyche,1991; Tamir & Zohar, 1991; Trowbridge and Mintzes, 
1988; Waldoch, 1994). Since it was recognized that 
students hold many ideas that conflict with the scientific 
community's concepts, extensive research has been done to 
discover how these ideas originate (Lochhead, 1983). 
Some terms classify a concept according to its 
acquisition. If it was learned prior to formal teaching on 
the subject, it might be called a "spontaneous conception," 
"untutored belief," "prior knowledge activation," "naive," 
or "common sense scientific theory." Those developed later 
might be "lost" or "confused conceptions," "intellectually 
wrong," "holes in knowledge," "mistranslations," 
"misconceptions," "spontaneously generated," or 
"scientifically incorrect" (Gunstone, 1989). One article 
referred to them as "bugs" (Abimbola, 1988). 
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We do not know exactly how, where, or when each 
personal idea is developed, as we have just begun to know 
that they exist. Defining and redefining will no doubt 
continue as we develop a keener understanding of this 
phenomenon. Posner, Strike, Jewson & Gertzog (1982) and 
Ausubel (1968) developed theories of learning and 
conceptual change, but as they investigated the 
spontaneously generated or invented alternative ideas, they 
revised their own theories. 
As the learner accumulates experiences, whether 
concrete or via reading and listening, several factors 
affect the way in which information is utilized. Personal 
involvement, relevance, and activity-oriented experiences 
seem to have the most effect on the learner. Two age- 
related developmental factors exist that contribute to the 
establishment of these alternative views. 
First, the amount of prior experience that the learner 
brings to the situation has a direct bearing on what is 
perceived. The child who has had no experience with plants 
may have more difficulty relating to experiences with plant 
experiments than will those learners who have had gardens 
or plants of their own, and who might find the experience 
more relevant to prior personal knowledge. The more 
experienced learner has built many structures upon which 
new ideas seem to fit. In some cases, it is the older child 
who may have had more experiences germane to the lesson, 
but obviously, there can be an older child who has not 
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experienced as much as some who are younger. Children 
brought up in a farm setting often seem to develop 
biological concepts more readily at a younger age. Some 
feel this is because the children have had concrete 
experiences on which to build concepts (Driver, Guesne & 
Tiberghien, 1985). And besides, of course, there are those 
children who have developed their own alternative views as 
they have had experiences. These alternative views may 
inhibit their learning new concepts as the teacher presents 
them. 
The second factor has to do with the capacity of the 
learner to process information on a specific level. 
Abstract problems are usually more difficult for those 
whose thinking is on a lower level of development. Piaget 
and Vygotsky believed a complex concept cannot be 
understood by a student who has not reached the level 
necessary to understand that concept (Ginsberg, 1988). For 
example, a first grader would have difficulty understanding 
microorganisms and the conversion of matter into energy and 
gases (Leach, Konicek, & Shapiro, 1992; Campbell, Konicek, 
Koscher, LaCorte, Sioui Laffond, & Waldoch, 1993; Waldoch, 
1994). Concrete experiences can be provided in the early 
years to be built upon later. 
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Alternative Views Impede Learning 
Those dedicated to identification of alternative 
concepts feel that knowing about them is "being 
forewarned." When teachers are armed with the knowledge 
that obstacles exist, it helps them take measures to aid 
the assimilation of new concepts. For example, studies 
have shown that when students in physics "make up" or 
"invent" an extra force in the direction of the motion, it 
impedes learning about the actual forces; it creates a 
situation wherein students also seem to equate movement 
with a continuous force (Clement, 1981b). It seems 
important for the teacher or researcher to identify what 
learners are thinking, but not necessarily for the purpose 
of attacking each maverick concept. It may be better to 
help students become aware of their own thoughts and to use 
several strategies to help them test their own theories. A 
teacher might do better to develop in the students higher 
levels of thinking, such as problem-solving and analyzing 
skills. By analyzing their own ideas and comparing them to 
the ideas of others, they start the process of assimilating 
the desired, "correct" concept. 
If an alternative concept is firmly believed, yet in 
conflict with acceptable scientific ideas, the learner may 
not be able to progress. Prior knowledge, whether 
considered by others to be erroneous or correct, is the 
accepted idea for the learner; it is his or her own 
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personal idea, and likely to be held tenaciously. 
Alternative views actually interfere with the student's 
ability to understand concepts presented in the classroom 
no matter how the material is presented (Mestre & Touger, 
1989) . The student will often rationalize the conflicting 
ideas rather than change his or her own. Tschirigi (1980) 
calls this "sensible reasoning." However, previous 
knowledge from personal experiences can get in the way: 
students try to make sense of those experiences by 
formulating their own rules, and their concepts resist 
change. The student's mind fights to hold onto the 
previous views. 
Alternative Views in Researchers 
Gunstone (1989) made several points, beginning with 
the fact that "Different researchers will generate 
different meanings from the same experiences and will 
interpret research findings in ways different from one 
another." There are those who advocate moving the 
student's thought toward the official scientific concept 
(Stavy, 1991), while others feel the educator's role is to 
encourage metacognition, and that the path to scientific 
concepts will be discovered by the learner (Heinze-Fry & 
Novak, 1990; von Glasersfeld, 1989a). 
If we truly embrace the idea of constructivist 
thought, it will not seem unusual that so many 
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interpretations arise. These varying ideas indicate that, 
even among researchers who espouse the same educational 
philosophy, defining beliefs is very complex. Gunstone 
(1989) considers it a problem that the whole area of 
alternative concepts has often been labeled with the single 
descriptor, "misconceptions." Abimbola (1988) says, "There 
is a need to refine our terms as we progress so we can 
understand ourselves." 
Researchers also are changing their views on students' 
alternative views, whether they are acquired spontaneously, 
or from text, teacher-developed, or experience-driven. 
Investigators realize the ideas should not be considered 
"erroneous" or in need of remediation. Several researchers 
who previously referred to these ideas as misconceptions or 
as errors have carefully eliminated such terms from their 
papers. This shows that more and more researchers 
recognize the need to consider the alternative views rather 
than thinking of them as "wrong." Gunstone suggests the 
many terms now used to describe these personal concepts are 
justified, because science educators believe there are fine 
distinctions between their meaning. 
Using Alternative Views to Promote Learning 
John Clement (1981a) found that engineering students 
held a variety of these useful preconceptions upon which 
concepts could be built. Alternative conceptions, such as 
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"impetus forces," are alternative ideas about force. They 
serve as a starting point on which the student can compare 
and build the scientifically accepted ideas. Byron & 
Clement (1978) have taken on the task of categorizing 
students' responses to physics problems: intuitive 
variables; semi-quantitative knowledge; natural logic of 
semi-quantitative, invented analogies; and related causes. 
Alternative Views on Alternative Views 
Lawson (1988) conducted a study to show that little 
evidence exists to support the view that in biology the 
acquisition process consists of naive theory construction 
and cognitive conflict. He claimed that there are no 
alternative views developed in biology: if students' 
thoughts were different from the scientific theory, it was 
because no one had told them the correct information yet. 
He stated that concepts such as cell theory, mitosis, 
genetics, and photosynthesis do not lend themselves to the 
generation of alternative personal views because they are 
in the microscopic world, and therefore out of the realm of 
most young students' experience. (Lawson complicated his 
statement with the question, "Do students come to us as 
naive theorists or do they come as Lockean tabula rasas?") 
This contradicts the constructivist theory that students 
have been constructing ideas from experience throughout 
their lives. Dialogue on Lawson's study ensued, including 
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a written refutation by Mintzes (1989). Lawson stated that 
his posture was a challenge intentionally presented to 
provoke more research. Lawson said that we should not 
necessarily strive for either the identification or the 
modification of students conceptual thinking, but simply 
aim to develop the students' metacognition. It is most 
important that the student understands how he or she thinks 
(Lawson, 1989; Mintzes, 1989). "Rather than denying the 
relevance of a belief, teachers might do better by helping 
students [to] differentiate . . . and integrate them [their 
ideas] into conceptual beliefs more like those of 
scientists" (Minstrell, 1989, p 130). 
The Teacher as Researcher 
This exciting time in education is enhanced by the 
increase in participation of teachers as researchers. The 
National Science Teachers' Association, NSTA, is attempting 
to perpetuate this phenomenon with STAR, "Science Teachers 
As Researchers." Embracing the same principles that are 
espoused in constructivism, the teachers will not change 
their personal concepts on teaching methods until they go 
through experiences similar to those prescribed for their 
students. Such experiences should be active and relevant, 
should personally involve the teachers, and should allow 
for metacognition on the teachers' parts as their ideas 
change. They are more likely to pay attention to the 
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results of their own studies and to become interested in 
the science education research of others through this 
approach than through someone "telling them they must 
change." Fisher and Lipson agree with Good (1988) on the 
merits of teachers as researchers, but caution against 
simply compiling lists of student errors and descriptions 
of student ideas. It is more significant to understand the 
sources of resistant conceptions and effective ways of 
producing desired conceptual changes (Good, 1988). Careful 
thought should be given to whether the results have an 
impact on science education. He found that if new ideas 
are in conflict with alternative views, students find it 
difficult to integrate the new theories, so they memorize. 
Teachers get positive results on tests, but have they 
taught the concept? Good (1988) recommend instruction that 
takes a concept from the simple to the complex and allows 
the student to build hierarchically, integrating the ideas 
and avoiding misconceptions. Concept maps can be used to 
do just that (Novak & Gowin,1984). Teachers as 
constructivist learners must build their understanding of 
how students learn. They, too, must see for themselves as 
teachers doing research provides. 
Biological Alternative Conceptions 
Although it was in physics that the constructivist 
researchers began looking into alternative views, work has 
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been done in the identification and understanding of 
alternative views in biology. There have been hundreds of 
studies in the past decade that do indicate that 
alternative conceptions are created in biology invalidating 
Lawson's claims. They include studies of the body (Nagy, 
1953); photosynthesis and food production (Roth, 1983; 
Wellman, 1982; Barker & Carr, 1989; Eisen & Stavy, 1988); 
the human circulatory system (Arnaudin & Mintzes, 1985) and 
genetics (Hickman et al., 1978); germs and colds (Rice, 
1986; Prout, 1987) and classifications (Trowbridge & 
Mintzes, 1988; Askham, 1976). They have revealed many 
instances of students with alternative views (such as, 
"blood is a red liquid") that resist new concepts (Arnaudin 
& Mintzes, 1985). In the 68 studies on conceptual 
development in biological sciences that Mintzes & Arnaudin 
(1988) reviewed, they found research in five major areas of 
conceptual development: plants and animals; the human body 
and reproduction; distinctions between life and death; 
genetics; and evolution. 
Teleological explanations for plant and animal 
behavior were found by several research studies (Tamir & 
Zohar, 1991). The term teleology was coined by the 
philosopher Christian Wolff in 1728, and explains the ends 
or purpose of things as part of natural philosophy (von 
Glasersfeld, 1990). Tamir and Zohar (1991) probed the 
understanding of students in grades 10 and 12, identifying 
a shift in thinking from an early perception of plants as 
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nonliving toward a feeling that plants try, wish and 
strive. Of 19 students, 16 accepted that animals 
demonstrate purposeful behavior similar to human behavior. 
Teachers were found to use teleological explanations 
themselves to teach phototropism and other phenomena 
because "It seems to help the students understand" (Tamir & 
Zohar, 1991). 
Researchers found that alternative concepts about 
germs came from folklore, TV, dental education and cultural 
propaganda wherein terms such as "bug" and "germ" were 
used. When bacteria were mentioned, subjects of all ages 
used the term in the singular. Mold is often confused with 
rust rather than considered a microorganism (Sequeira & 
Freitas, 1987). Drawings rendered these microbes either as 
nothing at all, or merely as dots, stars or insect-like 
creatures. Most felt "germs" caused all illness, but 
these subjects did not understand differentiation among 
organisms associated with different kinds of disease (Nagy, 
1953). Benton and Mintzes (1993) found in their study on 
sexually transmitted diseases that young adults lack an 
understanding of bacterial versus viral infection diseases. 
Even with exemplary teaching, students often used the 
appropriate vocabulary but lacked understanding. 
Antibiotics were a mystery to children, adults, and even 
first year medical students (Lucas, 1987; Barenholz & 
Tamir, 1987; Brumby,1984). 
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Alternative Views and Curriculum Change 
As mentioned earlier, some researchers feel there is a 
great need to identify and categorize the alternative views 
that children hold. Some want to find the origins of those 
ideas, but all seem to be trying to effect curriculum 
change. Educators should be aware of what these concepts 
are and to what degree they can be altered. Teachers must 
also look at the mental maturity of the student in relation 
to the level of understanding they can expect (Billeh, 
1972). Effective strategies can be developed only to the 
extent that they meld with students' alternative views, 
which can provide a base to build on or for reexamination. 
If directed properly, students can become better scientists 
by scrutinizing their own understandings (Minstrell, 1989). 
Maintaining Perspective on Alternative Views 
Earlier we indicated that Lawson (1988) created a 
controversy over the acquisition of biological and 
cognitive conflict, but the question he raises is an 
interesting one (Mintzes, 1989). Along the same line, 
Tamir et al. (1981) reported that junior high school 
students in Israel had somewhat ill-defined concepts of 
living and nonliving things; yet, that team found no 
evidence of strongly held misconceptions. Challenges from 
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these researchers help us all to maintain perspective on 
the direction science education is taking. 
Research on Decomposition 
Only limited amount of work has been done on concepts 
that pertain to the cyclic nature of matter and 
decomposition, but there have been studies on what children 
think about mold, decomposition, and "germs" (Nagy, 1953; 
Sequeira & Freitas, 1986; Wallace, 1986; Maxted, 1984; 
Smith & Anderson, 1986; Lucas, 1986; Brumby, Garrard & 
Auman 1985). Alternative views of causes of decomposition 
have been categorized as physical, macro- or 
microbiological, teleological, anthropomorphic, 
theological, and so on (Tamir & Zolar, 1991; Leach et al., 
1992; Campbell et al., 1993). Most of the studies examined 
the concepts subjects hold with regard to microorganisms. 
Smith & Anderson's study (1986) explored issues such 
as the role of green plants, and the fate of dead organisms 
and waste materials, with seventh graders in seven 
different schools. Through pre- and post-testing, they 
have found that children have a wide variety of conceptions 
on the cause of the disappearance of matter. The children 
in their study thought it resulted from physical conditions 
such as moisture, weather, or temperature, although some 
included insects as causal agents. To many, the process 
"just happens" over a period of time. Most did not view 
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matter as moving or recycling at all. They seldom 
understood chemical "transformation" of matter. Even when 
they understood the decay process, they seemed to miss the 
transformations. Some students, also, believed that things 
just "get used up." Decaying matter was recognized as 
"rot," but not identified as matter changing into water or 
carbon dioxide. Released nutrients were identified by 
some, but very few identified the gases. Even after 
instruction, naive conceptions remained in 70% of the 
group. No one reflected an understanding of all the goal 
conceptions (Smith & Anderson, 1986). 
Sequeira & Freitas' study (1986) in Portugal, as well 
as Smith & Anderson's in the United States suggest a 
progression in children's concepts about decay. In the 
Sequeira & Freitas' study, most of the 116 third, fifth, 
sixth, and seventh grade children were unable to define 
decomposition, believing that living organisms just 
disappear (totally or partially) after death. The 
frequency of these alternative views diminished slightly 
after instruction and as students grew older. In a 
longitudinal study in Sweden, one third of the 11-year-old 
students thought decomposition ended in the form of soil, 
and that the earth is growing larger each year (Hellden, 
1993) . This lack of insight into the conservation of 
matter continued to show up throughout the study. 
Driver et al. (1990) revealed similar findings in 
their study of children's ideas about decomposition and the 
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cycling of matter. They found little understanding of the 
phenomena of decay, and widespread reiteration of the 
familiar alternative view, "it disappears." 
The previously mentioned Leach et al. (1992) study 
explored decay, cycling of matter, flows of energy, and 
ecosystems, with large samples of children of various ages 
in three countries. The causes of decomposition cited by 
the younger group tended to be physical causes such as 
became mushy and dried up, while the older ones chose 
animal causes such as bugs and birds. Older students who 
had taken a chemistry course seemed to show an 
understanding of the molecular level of decay, and their 
explanations were the most complete. They were the only 
ones in any of the studies reviewed to mention the release 
of matter into the air. 
The research done by Campbell et al. (1993) at the 
University of Massachusetts, Amherst, grew out of the 
previous study. Children at various age levels confirmed 
that many younger subjects - five to ten years old - seem 
to choose explanations that are teleological or 
anthropomorphic. As in most of the previous studies, as 
subjects grew older some language and perceptions of 
causation changed, but understanding was not improved. 
Microbiotic and cyclic explanations were given only by a 
few of the oldest subjects. This study suggested there 
might be an increase in understanding when composting or 
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gardening was experienced, thus suggesting that adults have 
a better comprehension of these concepts. 
Research on Adults and Biological Concepts 
Much of the interest in cognitive development has been 
concentrated on the student in public school. Few have 
used adults as subjects of their studies. Some studies 
have involved preservice teachers, but rarely have subjects 
been adults in the work force unaffiliated with education. 
Lucas (1987) surveyed 1033 in Great Britain and found that 
people held some confused views about microbes. Brumby's 
et al. (1985) subjects were first year medical students in 
Australia. Both studies revealed some interesting 
alternative views. 
Educators have only recently begun studies to 
determine the cognitive understanding of the adult 
population. Studies such as Bart & Mintzes (1977) have 
centered around the development of "formal reasoning," a 
term for the last of the three stages of the Piagetian 
conceptual framework of cognitive development. It is 
widely believed that in our society only thirty percent of 
adults reach this level. This may be a contributing factor 
in their lack of understanding of decomposition. 
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Research Regarding Methodology 
Concept Mapping 
The need to understand the concepts held by students 
has led to various research methods. Researchers sought a 
tool that would allow them to see how a learner thinks and 
how that thinking evolves. For many, concept mapping has 
met that need. The cognitive development can be seen and 
evaluated better than on an objective test. Concept 
mapping was invented by Novak and his research team at 
Cornell University (Stewart et al., 1979). It is a way to 
"look inside" the learner and examine not only the 
frameworks the individual has constructed, but also how 
that individual constructs those ideas (Erickson, 1979; 
Markham et al., 1993; Novak et al., 1983). 
There are over 100 references on using concept mapping 
in education (Al-Kunifed & Wandersee, 1990). Concept maps 
are used to teach (Stensvolt, 1990; Stewart, 1979; Moreira, 
1979; Novak, Gowin, & Johansen, 1983; Novak, 1990; Malone & 
Dekkers, 1984; Ault, 1985; Fraser & Edwards, 1987; 
Feldsine, 1987; Fowler & Bou Jaoude, 1987; Barenholz & 
Tamir, 1987). They are used more frequently as a 
metacognitive tool to map the incorporation of new 
information. They are valuable in helping students 
recognize and modify knowledge structures. Heinze-Fry and 
Novak (1990) use them to provide meaningful learning. They 
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found mapping had more significance in the long-term 
effects of learning than the immediate results. They also 
found that students liked concept mapping because it is 
actively engaging and increases their retention. 
Pankratius (1988) found high school physics students scored 
higher on achievement tests by mapping before, during, and 
after lessons than those who just mapped after the unit. 
Several studies used the concept maps as an assessment tool 
(Malone & Dekkers, 1984; Markham et al., 1993; Steward, 
1979; Wallace & Mintzes, 1990). Using concept maps, 
Wallace & Mintzes (1990) explored changes in biological 
understandings. Their results merit consideration of 
mapping as a tool for documenting changes in concepts to 
validate teaching techniques. Novak (1990), Wandersee 
(1990), and Starr & Krajcik (1990) all advocate using 
concept mapping to design programs. Lloyd (1990) used it 
to evaluate text books. 
Concept maps are not merely "webs" of the type 
sometimes used in writing lessons, nor are they flow 
charts, although they look similar to such diagrams. 
"Concept maps are designed to parallel human cognitive 
structure. [They] reflect the psychological structure of 
knowledge" (Wandersee, 1990, p. 927). This two- 
dimensional representation of ideas and concepts provides a 
basis for the "conceptual inventory" (Erickson, 1979). The 
map establishes a new dimension to the probing of clinical 
interviewing (Arnaudin & Mintzes, 1985; Songer & Mintzes, 
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1994; Wallace & Mintzes, 1990). Maps can be viewed by 
other researchers for further analysis. The clinical 
interview proceeds in a linear direction, but mapping 
encourages several paths of thought (Wallace & Mintzes, 
1990) . 
Not everyone agrees on the merits of concept mapping. 
Zoller (1990) feels that in college freshman chemistry, 
mapping is problematic due to abstract and intuitive atomic 
concepts. He feels that the need to teach the mapping 
technique also renders it cumbersome. Cullen (1990) 
disagrees this, standing firmly behind the idea that 
concept mapping should be used extensively with first-year 
college chemistry. Von Glasersfeld (1989b) warns that 
results depend on the subjective position of the person 
mapping and the individual's interpretation of the 
information provided: there is the possibility that each 
and every student might perceive a totally different 
reality. Those viewing the maps also have their own 
realities, reading what their personal perspectives dictate 
(von Glasersfeld, 1990). 
Clinical Interviewing 
The clinical interview has become a widely used 
gathering technique (Hashweh, 1988). Posner & Strike 
(1982) have discussed the method in detail. Hashweh offers 
a caution about the dangers of what Piaget called 
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"suggested convictions." The type of questioning and the 
makeup of the sample are also critical to the acceptance of 
the data. In evaluating the method of questioning the 
subject, the technique is critical. If the researcher does 
not probe deeply enough, important data might be lost. If 
the researcher asks questions that are too revealing, she 
or he might lead the subject to give what is in effect a 
solicited answer. Collaboration can be a means to avoid 
mistakes. 
Survey 
Paper-and-pencil tests were regarded as limiting, yet 
some surveys and diagnostic teaching have merit. In this 
study, we have used the repertory grid, either Roper's or 
Lakatos' method, and diagnostic testing to obtain the 
information not available through concept maps. Carefully 
designed multiple choice questionnaires can be analyzed by 
experts. There are three different approaches in creating 
the questionnaire/survey: 
1. A statement that the subjects identify on a 
Likert-type scale. This would include 
scientifically acceptable statements as well as 
those alternative views identified through the 
preliminary interviews; 
2. Questions with multiple answer choices. The 
choices would include the scientifically correct 
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answer and several alternatives, based on 
findings in subject interviews. 
3. Open-ended free-response tasks. Responses would 
be in the form of drawings as well as sentences. 
Two-Phase Research 
Piaget did his research on his own three children. 
This minimal study brought on much controversy when he drew 
conclusions based on this limited sample. Qualitative 
research is now an accepted form of research, yet there are 
still reservations if the sample group is not 
scientifically chosen, randomly selected, and if a 
substantial range of ages or types of children are not 
represented. However, more is being done to blend the 
benefits of the qualitative research techniques with the 
quantitative approach so that the reliability satisfies 
most. This two-phase design emphasizing the need for 
validation is advocated by several researchers, including 
Selman, Krupa, Stone, & Jaquette (1982) and Driver & 
Erickson (1983). 
Summary: Interpretation of Findings 
As mentioned, researchers are now combining methods 
for collecting data, using triangulation to validate the 
findings. They combine clinical interviewing, paper-and- 
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pencil tests, and concept mapping. In the early 1990s, 
several studies combined techniques of quantitative 
research with qualitative research by collecting the data 
through interviews and concept maps and then designing a 
questionnaire that could be distributed to many subjects to 
obtain a reliable understanding of the concepts held 
(Songer & Mintzes, 1994; Arnaudin & Mintzes, 1985). 
Hashweh (1988) encourages researchers to develop a two- 
stage format in which the data from the exploratory 
investigation is used to identify concepts, and a second 
stage is designed to predict similar results from a larger 
sample. Objective data-collecting techniques can test 
these predictions. It is this model that has inspired the 
following research design. 
The issue of students' understandings of mold, 
microorganisms, and decomposition is an intriguing one, but 
it has not been widely investigated. The few well- 
administered studies only pique our interest in what is 
being taught, retained, and understood. We have seen that 
students have alternative views about decomposition. We 
now must ask ourselves, "Do adults generally come to 
realize an understanding close to the scientific view? 
Does such a concept develop later in life? Can accurate 
understanding develop through subjective real-life 
experiences?" The study of adults should be of interest to 
those in the science education field. What are the 
"private universes" of our society's adults? Will they 
37 
have an effect on the future? My hypothesis is that they 
will, and I have developed the following study to find out 
more about adult views on decomposition. 
CHAPTER 3 
RESEARCH METHODS 
Introduction 
This chapter will include the goals of the study and 
the methods by which the data were collected, including a 
description of the samples and the instruments that were 
used. 
Goal of the Study 
The study was designed to explore the tenor of adults' 
conceptual understandings about decomposition, including 
their versions of the cyclic nature of matter. It 
identified concepts adults hold about the characteristics 
of decomposition. Specifically, it was designed to address 
the following three research questions: 
I. What "alternative views" have contemporary 
adults conceived about the concept of decomposition of 
organic matter? 
II. What is the distribution of those who hold 
scientific views and those who have alternative views? 
III. Are adults' ideas on decomposition correlated 
with their life experiences? 
IV. Are adults' ideas on decomposition correlated 
with their education? 
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Methodology 
A two-phase approach was designed, based on previous 
research models suggested by Selman et al. (1982) and 
demonstrated by Aunaudin & Mintzes (1985), Benton (1993), 
and Songer & Mintzes (1994). In this model, the first 
stage was a constructive phase that involved collecting 
data about a group of adults' concepts of the decomposition 
of organic matter, through concept mapping, open-ended 
questions, and structured clinical interviewing. The 
alternative views, as well as those similar to the 
scientific explanation, were identified and validated by 
experts in the field of science education. Then a second 
phase was conducted in which a survey was distributed to a 
greater number of subjects representing a wide range of 
educational backgrounds, vocations, and ages. Data were 
then collected and analyzed to determine frequencies and 
various beliefs. These were examined to see if there were 
a consistency with the responses of the first group (see 
Table 1). 
Constructive Phase 
The constructive phase was carried out in an interview 
format - a qualitative study. A pilot study was conducted 
following which the first sample group of 20 individuals 
were interviewed. The videotaped interviews explored "What 
happens to an apple (or a dead mouse) left on the ground 
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Interviews were transcribed and for a very long time." 
analyzed for alternative views and scientific views. 
Responses formed the basis of a concept inventory (see 
Table 2) . A survey was prepared from the concept 
inventory. A list of concepts including both scientific 
and alternative views was extracted from the discussions 
and converted into multiple-choice questions. 
Sample 
Every effort was made to keep the samples random. The 
pilot sample was taken from readily available individuals. 
Their ages included two over sixty, one in the fifties, and 
one the forties. There were three females and one male, 
all of different occupations. All had at least some 
college education. 
A sample of twenty individuals for the clinical 
interviews was self selected from a pool of several hundred 
individuals in various social and occupational groups. 
Letters were sent through the mail, volunteers responded by 
phone, or in person. An attempt to select subjects 
randomly was followed whenever possible, but essentially 
those who responded were interviewed. A chart of the age, 
education, gender, and experience distribution is found in 
Figure 1. 
Instrumentation 
Pilot. Initially, the techniques of clinical 
interviewing, open-ended questioning, and concept mapping 
were explored with the four people to determine the value 
of the instrument for this task. The transcripts of the 
interviews were analyzed for identifiable items, including 
both scientific terms and ideas and alternative views. 
This pilot appeared to confirm the validity of such an 
instrument in the subsequent study. 
A set of questions or probes, referred to as a flow 
chart, grew out of these initial interviews. The flow 
chart was used to maintain consistency in the repeated 
interviews (see Figure 1). The sample of questions tried 
and evaluated included: 
* What happens to an apple if it is left on the ground 
for a very long time? 
* What happens to a dead mouse that is left on the 
ground for a very long time? 
* What happens after that? 
* What happens in the end? 
* What does that (word) mean? 
* Could you explain that more? 
* What would these "pieces" be like? 
* Could you explain what you mean? 
* Where does it go? 
* Could you explain that a little more? 
* Have you ever had a garden? 
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* What is fertilizer? 
* "Some people have mentioned that microorganisms might 
be involved. What do you think?" 
Subjects: 
gender education occupation age experience 
#1 male Ph.D. teacher 50-60 gardening 
no composting 
Narrative: He centered his explanation on the 
transformation of some of the matter into energy by animals 
and the rest being converted to potential energy in the 
form of fat or muscle. Some of it then is released as 
animal droppings. No microorganisms were mentioned. 
gender education occupation age experience 
#2 female HS clerk 60+ gardening 
no composting 
Narrative: She centered her explanation on the apple being 
eaten by an animal and then being eliminated as waste. She 
then spoke of the waste becoming nutrients for the soil. 
She did not think the mouse would provide nutrients for the 
plants. No mention was made of microorganisms. 
gender education occupation age experience 
#3 female HS bank trust 60+ gardening 
officer composting 
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Narrative: This interview also centered around an animal, 
perhaps even worms, eating the apple and leaving waste that 
would eventually become soil. The subject spoke about the 
flesh falling off the mouse, but the bones never 
decomposed. When pressed further, she said that perhaps a 
squirrel ate them. 
gender education occupation age experience 
#4 female HS Red Cross 40-50 gardening 
recruiter no composting 
Narrative: She seemed to dwell on the apple getting old. 
It would become a liquid in the next stage of this aging 
process. Following the probe "Some people have mentioned 
that microorganisms might be involved. What do you think?" 
her response, "Oh, you mean worms or tiny worms," indicated 
that she had not developed a scientific concept of the part 
microorganisms play in decomposition. 
Clinical Interviewing 
This is a procedure in which an interviewer sits with 
a subject in a one-on-one situation and asks questions or 
probes. These subjects were questioned in a setting that 
allowed the subject a degree of security in order to 
respond freely to the questions of the interviewer. A flow 
chart of questions allowed the interviewer to maintain the 
same consistent quality of probing with each subject. When 
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the responses were unclear or ambiguous, further probing 
was done until there was a clear idea of the subject's 
concept of decomposition. In the beginning, the subject 
drew a picture from which he or she explained what she or 
he thought would happen to an apple (then, a dead mouse). 
Then she or he designed and discussed a concept map. The 
subject discussed the concept throughout the interview. 
Open-ended Questions 
* What happens to an apple if it is left on the 
ground for a very long time? 
* What happens to a dead mouse that is left on the 
ground for a very long time? 
The subject was shown an apple and asked to draw a 
picture of what the apple would look like after a "very, 
very long time." The interviewer asked questions to probe 
for the identity of the items in the picture or 
representation. Caution was maintained to avoid leading 
the subject or giving the impression that a "right answer" 
was being sought. 
Concept Maps 
As recommended by Novak & Gowin (1984), the subjects 
were given training in how to construct a concept map. A 
concept map on sports was demonstrated. After the training 
session, the subjects were asked to synthesize a concept 
map of their views on decomposition. Each started with the 
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term decomposition in a box at the top of the map. Other 
words that described ideas, objects, or events were placed 
below the first box. Concepts were connected with lines 
and linked with words to explain the relationships among 
the boxes. The subjects were encouraged to branch out and 
form cross links to connect branches by means of a line 
with an arrow. The concept maps were used as a point of 
departure, providing a means to add greater dimension to 
the interview probing. Constructing maps gave the subjects 
a chance to organize their thought about decomposition. 
This two-dimensional representation of ideas and concepts 
provided a basis for compiling the conceptual inventory! 
(Erickson, 1979). These maps also provide concrete 
material for discussion with other researchers and science 
educators. 
Concept Inventory 
The ideas found in the clinical interviews and the 
concept maps were collected and listed. This list used the 
terminology that the subjects used, and, wherever possible, 
the exact phrase was recorded. The statements were 
shortened and all statements were given the same semantic 
format for ease in reading and identifying the concepts. 
The concept inventory included concepts about the 
decomposition of the apple, the mouse, and a few other 
statements about the process that reflect alternative or 
scientific views (see table 2). 
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Validation Phase 
In this phase surveys were administered to determine 
the conceptual understanding of decomposition. Surveys 
were analyzed and correlations explored between seven 
independent variables and the views generated on 
decomposition. These views were grouped according to 
themes. The validity of the answers chosen by the surveyed 
individuals was investigated through follow-up clinical 
interviews. 
Sample 
The sample for the second phase of the study was 
chosen for its variety of educational experiences and age 
represented. In these various employment settings, 
institutions, and organizations, the survey was handed out 
to 276 individuals. Twenty-five each were distributed in a 
paper factory, a mattress factory, a school bus company, a 
cytology lab, an insurance company, a town hall, a fire 
department, and a greenhouse. The survey return rate was 
thirty-eight percent. Since it was the goal to process at 
least 100 surveys, the final few were obtained from staff 
at a high school and from shoppers at a small shopping 
mall. No attempt was made to adjust the age or education 
within this group, other than through the variety of 
distribution locations. It was felt that this procedure 
would yield a more representative population. 
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The final sample for the follow-up interviews was 
self-selected by subjects checking a box on the survey. Of 
the twenty-five subjects who responded, ten were 
interviewed. 
Instrumentation 
Survey 
The survey was designed based on the concept inventory 
list collected from the interviews and the concept maps. 
The survey combined open-ended questions and Likert-style 
statements. The statements were designed from the concept 
inventory compiled in the constructive phase. These 
statements from the original subjects were included on the 
survey without regard to the frequency of responses. This 
survey was created to test the validity of the statements 
given during the interviews and to determine a frequency of 
these responses. 
Both the alternative and those reflecting the ideas of 
the scientific community were submitted to a group of 
experts specializing in garbage and decay from the Margolis 
Laboratory at the University of Massachusetts at Amherst. 
They determined whether they clearly defined the 
scientifically accepted theories on decomposition. The 
goal concepts or scientific ideas were: 
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* Decomposition occurs when micro- or 
macroorganisms transform organic material from 
one substance to another. 
* The organic material is broken down into simpler 
forms and can be reused by plants as nutrients. 
* Organic matter is broken down into substances 
that are cycled over and over. 
* Animal scavengers can speed up the decomposition 
but are not considered decomposers. 
* Anaerobic bacteria are necessary for complete 
decomposition. 
This instrument was evaluated by several experts in 
the field of educational research to be certain it was 
clear and unambiguous. The experts included a professor 
from the educational research department, in the field of 
constructivism, who has employed this model of research; a 
professor of science education; and graduate students who 
formed a team for research consulting. 
Adjustments were made and the survey was then given to 
35 students in a University of Massachusetts at Amherst 
science methods course for further evaluation. These 
students took the survey and wrote comments about what 
parts seemed confusing or unclear. The survey was revised 
again and a final design was produced. 
This instrument also had a checklist for the same 
independent variables - age, gender, course work, 
experience with gardening and composting and education. A 
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line was provided for the occupations of the subjects who 
were also asked where they thought they might have learned 
their ideas. 
Data Handling 
The data from the surveys were entered onto an Excel 
spreadsheet, a program that can perform various statistical 
operations on the data. Each survey instrument had a code 
name so the distribution location could be recalled. The 
statements on the survey were set up as 65 variable 
headings. A code was developed for recalling answers to 
each question, using a 1 for a positive response of either 
agree or strongly agree, a 2 for a negative response, 
disagree or strongly disagree; responses of I don't know 
were coded with a 0. The columns of coded answers were 
tallied to find the frequency of individuals who agreed 
with the statements. 
Charts and graphs were constructed for presentation of 
the data. The responses were tallied into percentages and 
compared. 
SPSS 
The statistical instrument SPSS was used to run a 
cross-tabs analysis, and the Pearson test for chi square 
was used to examine patterns and significance. The cross- 
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tabs allowed a closer examination of the distribution of 
responses. 
Follow-up Interviews 
Follow-up interviews helped check the validity of the 
survey responses. Volunteers indicated on the survey that 
they were willing to be interviewed in a follow-up session. 
Ten individuals who had completed the survey were asked to 
explain some of their survey answers further. The 
researcher asked the same questions as were given on the 
survey, probing more deeply in order to determine if the 
subject was consistent with their explanation of 
decomposition and their responses on the survey. These 
interviews were also examined for new information and 
alternative views. These alternate views, their 
frequencies, and the frequency of scientific views will be 
presented in the next chapter. 
♦ 
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CHAPTER 4 
DATA 
Introduction 
This chapter includes the data collected, as well as 
an exposition of how the material was examined for 
significant correlations or trends. The chapter's first 
pages describe the processing and analysis the data 
underwent; next, how the data were organized. Finally, we 
present the findings and discuss our results. The study 
was conducted and processed in two distinct phases. Data 
for each phase are displayed separately as it relates to 
the following research questions: 
I. What alternative views have contemporary adults 
conceived about the decomposition of organic 
matter? 
II. What is the distribution of those who hold 
scientific views and those who have alternative 
views? 
III. Are adults' ideas about decomposition correlated 
with their life experiences? 
As appropriate, these data will include both 
statistical and narrative information. Due to the large 
volume of the narrative data, quotations which are 
indicative of patterns or categories will be chosen to 
represent the total. 
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The first phase, the constructive stage, was designed 
to provide information to develop and determine the kinds 
of statements to be used in the survey. It seemed 
appropriate to include those data at the beginning of this 
chapter so that readers can gain insight into the design of 
the survey and how the data reached its final form. 
The second phase, the validation stage, was conducted 
to determine if the alternative ideas of the first phase 
were repeated in a larger sample. This phase used the 
larger sample to test the statements given by the first 
group, in order to determine trends and correlations and 
the validity of the data collected in the constructive 
phase. 
Processing and Analysis Procedures 
This section describes how the data were collected, 
examined, and analyzed for significant correlations. 
Constructive Phase 
Data from the constructive phase, involving the 20 
clinical interviews, are reported here in three ways. 
Interview statements describing alternative views are 
reported in narrative form. Information gathered from 
concept maps is discussed, and these ideas, both 
scientifically accepted and alternative, are also listed as 
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a concept inventory, and on the survey. Finally, the 
experiences and demographic characteristics of the sample 
individuals are reported. 
This first phase was carried out in an interview 
format, a qualitative study. We developed a flow chart to 
maintain the continuity of the discussion from subject to 
subject (see figure 2). We videotaped the interviews so 
the information could be conveniently transcribed and 
analyzed. During the interviews, the subjects were asked 
to explain "What would happen to an apple and a dead mouse 
after a very long time?" After they were given 
instructions on making a concept map, subjects were asked 
to synthesize concept maps of their "personal ideas" 
involving decomposition. "What does the concept of 
decomposition look like to you?" we asked. Each subject 
constructed a concept map on decomposition and discussed 
it. 
What "alternative views" do adults hold about the 
decomposition of organic matter? The constructive phase 
compared ideas adults hold on decomposition with the 
scientifically acceptable definition and explanation of 
decomposition. The interviews were transcribed and 
analyzed for alternative views on decomposition. 
Statements from these subjects were included on a concept 
inventory, without regard to the frequency of responses 
(see Table 2). Some views seemed to fall into the 
following groups or themes: environmental factors 
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influencing decomposition; agents of decomposition; final 
disposition of the organic material (see Tables 3, 4, and 5 
in the Appendix). These gross categories were used in 
analyzing the data, but not in the construction of the 
survey. 
The concept maps were examined to see if any other 
alternative ideas were evident. Concept maps placed onto a 
computer display system for easy analysis (see Figures 5, 
6, and 7). 
We designed a survey instrument based on the concept 
list we had derived from the interviews and the concept 
maps. We constructed it with statements of alternative and 
scientific ideas, open ended questions that simulated those 
used in the interviews, and directions for illustrating 
ideas. 
What is the distribution of those who hold scientific 
views and those who have alternative views? In the 
constructive phase the data on the distribution of 
scientific explanations were processed and analyzed in the 
same manner as the alternative ideas were collected (see 
Table 6). The interviews and concept maps were analyzed 
for scientific explanations of decomposition. "Scientific" 
understanding was considered in three levels. First, a 
thorough explanation is one which includes microorganisms 
or bacteria during decomposition breaking down the organic 
matter which is then recycled as plant nutrients. On the 
next level, organic matter, the apple or mouse, is 
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perceived to become fertilizer or plant nutrients, without 
reference to microbial decomposition. A third level of 
scientific reference was identified, a pseudo-understanding 
of "recycling," for instance, wherein subjects used 
scientific terms imprecisely - e.g., "Recycling is when the 
apple would become a tree." A list of scientific ideas was 
compiled, verified, and inserted randomly throughout the 
survey. 
Are adults' ideas about decomposition correlated with 
their life experiences? During the constructive phase, a 
correlation was drawn between the experiences of the adults 
interviewed and their scientific understanding, to 
determine if people's understanding of the concept of 
decomposition varied directly with experience. The 
subjects were asked whether they had had previous gardening 
or composting experience. School courses in biology or 
chemistry, and subjects' ages, gender, and education were 
also recorded for the purpose of comparison. Next, the 
subjects were asked to describe where they thought they 
might have learned their information or concepts. This 
data seemed valuable, so our survey included a check list 
and an open-ended question. 
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Validation Phase 
The validation phase, a quantitative study, was 
designed to validate the qualitative data from the 
interviews. It consisted primarily of data collected from 
100 surveys. Follow-up interviews were also analyzed, to 
determine the validity of the surveys. If the larger 
sample agreed with the responses of the first group, who 
were clinically interviewed, that information could be 
considered more reliable and more valid. If the surveyed 
sample did not agree, then, perhaps the ideas held by 
individuals were merely episodic, happening randomly now 
and then. Data were entered on a spreadsheet and reported 
on charts and tables. The written narratives are also 
placed in Table 7. 
From the 100 surveys entered onto an Excel 
spreadsheet, data were then analyzed on both the SPSS 
statistical instrument and Excel, for occupation (see Table 
8) and chi square significance and percentage (see Table 
9) . 
Follow-up interviews were the second part of the 
validation phase, conducted to check the consistency of the 
responses on the survey with more detailed information. 
For example, if a subject circled microorganisms as 
necessary for the process of decomposition, the individual 
was considered to have a high level of understanding of 
decomposition. The follow-up interview would probe to see 
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whether or not the individual could explain what a 
microorganism does. The subject was also asked to explain 
further the disposition of the apple or the mouse. The 
interview comments were compared to the written responses 
on the survey. 
What "alternative views" do adults hold about the 
decomposition of organic matter? In the validation phase, 
data from the written part of the survey was reported in 
the narrative. The data were again organized into themes 
of environmental effects, agents, and disposition of the 
material. A table for each theme was compiled to include 
the percentages of alternative views (AV), as well as 
responses of scientific views (SV) and "I don't know" (U). 
Percentages were examined for trends and conclusions were 
drawn about what percent of individuals have alternative 
ideas. 
What is the distribution of those who hold scientific 
views and those who have alternative views? This section 
of the validation phase examined statements on the survey 
to identify those that reflected scientific views on 
decomposition. The number of choices of scientific views 
were compiled on the Excel spreadsheet, and recorded on 
tables paralleling the same themes as interpreted by the 
alternative views. On the first level of scientific 
understanding, subjects chose microorganisms or bacteria as 
agents of decomposition, and included mention of plant 
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nutrients or fertilizer. This included the statement, "The 
mouse will be eaten by worms, then bacteria, then used by 
plants." On the next level, subjects responded that 
organic matter, apple or mouse, becomes fertilizer or plant 
nutrients, without including mention of microorganisms or 
bacteria. The statements were: "The apple (or mouse) will 
become fertilizer", "The apple (or mouse) will become 
nutrients for plants." A pseudo-understanding of 
"recycling" was identified when subjects indicated that 
"Recycling is when the apple becomes a tree." 
Are adults' ideas about decomposition correlated to 
their life experiences? The statements on the survey that 
were considered dependent variables were compared with the 
independent variables: 1) age, 2) gender, 3) education, 4) 
gardening experience, 5) composting experience, 6) biology 
and 7) chemistry courses. Correlations among these 
variables were further analyzed for frequency and chi 
square significance. We also examined the data to see if 
there were consistencies between responses on the original 
interviews and those on the surveys. 
Organization of the Data and Presentation of the Findings 
Introduction 
This section will first explain how the data were 
organized. Then the results of the study will be 
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presented, via narrative supplemented by discussion of a 
series of tables. The information will be arranged in a 
sequence to correspond with the three questions posed. 
Survey items have been reordered into theme categories for 
ease of presentation. Additional data are available in the 
appendix. The data from the constructive phase will be 
presented first, then the larger body of statistical data 
from the surveys of the validation phase will be discussed. 
Constructive Phase 
The data from clinical interviews of the original 
twenty subjects were labeled and stored on computer disk, 
videotape, and in print form. Again, the discussion 
centered on what would happen to the apple (or the mouse) 
after a very, very long time. The data collected from the 
interviews were recorded in narrative form. Concept maps 
(see figure 3) were put on the computer disk and ideas were 
organized into a concept inventory (see table 2). The 
survey prepared from the inventory is shown in Figure 3. 
Subjects responded to the question, nWhat will happen 
to the apple (or mouse) if it sits on the ground for a 
very, very long time?" in a variety of ways that involved 
alternatives to the scientific ideas about decomposition. 
These were categorized around three themes: environmental 
factors/ agents of decomposition, and disposition of 
organic matter. 
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Themes. Some subjects explained that the apple would 
rot if the "conditions were correct." These "conditions" 
referred to the first theme, environmental factors. Sun, 
moisture (rain), air, temperature, and dirt were identified 
as environmental factors. Many subjects said that "air was 
necessary" for the apple (or mouse) to mold, disintegrate, 
or disappear. Others said that "the sun was necessary to 
make the apple break down." There were those who mentioned 
that temperature impacted the speed of the rotting: "The 
colder an environment, the slower the rotting" or, "the 
hotter the environment, the faster the rotting" were given 
as explanations. A few individuals considered dirt an 
important "condition" to provide for decomposition: the 
apple (or the mouse) would rot if it "touched the dirt." 
Agents of decomposition were the next thematic area we 
identified. In addition to the scientifically perceived 
agents, microorganisms or bacteria, these alternatives were 
identified: "Rain caused the apple to break down," "Air 
made the apple turn brown and get moldy," "The sun made 
things rot," or "The sun turned the apple to dust," and 
"gravity pulled the apple (mouse) into the ground." 
Subjects said that animals and insects would eat the apple 
(or the mouse), and that would be the end of the process. 
Only 3 of the 20 interviewed could explain the 
participation of microorganisms as agents of decomposition. 
Even when we probed, "Some people have mentioned that 
microorganisms may have something to do with the apple 
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(mouse)", most subjects could not explain the role of 
microbes in decomposition. When some subjects said they 
had heard of microorganisms or bacteria, they confused them 
with "bugs" (insects), viruses, and worms. 
A third category, disposition, was established for the 
variety of explanations having to do with what happens to 
the apple (or the mouse) "in the end." Subjects said 
variously that it "becomes hard," "gets mushy," "dries up," 
"becomes a gas," "becomes a liquid," "disintegrates," 
"melts," "becomes a tree," "becomes 'poop' or animal scat," 
"evaporates," "shrivels up," "rots," and "disappears." 
Other alternative concepts about the disposition of the 
apple (or the mouse) were, "It goes into the soil and stays 
there" and "It goes down the garbage disposer." Some felt 
"bones remain forever" or for a "long time." Dust was 
specifically mentioned as a final disposition of the bones, 
and was used to explain both the mouse and the apple, as 
well. Finally, many subjects explained that the apple 
would be "recycled" into an apple tree. There was 
apparently a semantic difference in the use of the term 
"recycled." 
Concept Maps. We examined concept maps made by the 
subjects on their ideas of decomposition (see Figure 3). 
The concept maps demonstrated visually what the subjects 
understood, especially in regard to the question of what 
happens to the apple (or mouse). Concept map 1 illustrates 
how one subject showed the apple slowly decomposing into 
62 
The "atomic materials," then "petroleum and diamonds." 
same subject saw grass, flesh and gases as decomposing 
rapidly. Although there were many details mentioned that 
were identical with the ideas scientists hold, such as "can 
be made into basic elements," the sweeping explanation that 
"Oxygen, plants, and insects are agents or catalysts 
required for decomposition" actually deviates from the 
scientific view. 
Concept Map 13 takes the apple to a mold, which is 
"cotton candy that is not pink, instead is white or black 
or brown." This subject clearly shows that her 
understanding ends when she "throws it away." 
Concept Map 8 is quite involved, including the apple 
becoming energy for plants, animals, and humans. This 
process ends with the seeds dispersing and the core 
degrading in the landfill. The mouse is substituted for a 
human in this map. The subject shows that "the flesh will 
degrade, but the bones never will." This subject included 
newspaper in his map, explaining it will also end up in a 
landfill, but will "take longer to degrade if not exposed 
to air." 
The scientific explanation was approached by Concept 
Map 3, but it took an interesting turn: the apple was eaten 
by worms that were used for fishing. Then the fish was put 
into the garden, and "veggies" grew. This map clearly 
shows the level-two understanding - with no reference to 
microorganisms, but indicating a general understanding of 
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organic matter cycling into nutrients for plants. The 
apple will become green and fuzzy with spots when it is 
"old;" "Mushy, brown, and moldy," were other "end" images. 
Concept Inventory. We collected the alternative ideas 
found in the clinical interviews and the concept maps and 
compiled them into a concept inventory (see table 2). This 
list used the terminology that the subjects used; wherever 
possible, the exact phrase was recorded. Some of the 
information was shortened, and we gave all statements the 
same semantic format for ease in reading and identifying 
the concept. The concept inventory included concepts about 
the decomposition of the apple, and of the mouse, and a few 
other statements about the process, which reflect 
alternative concepts or scientific concepts. 
Survey. The concept inventory was used to make a 
three-page survey of statements, open-ended questions and 
drawings. It was hypothesized that if the twenty original 
subjects held these ideas, perhaps they would be evident in 
a larger population as well. The survey attempted to 
imitate the interview as much as a paper-and-pencil 
instrument could. The same questions about the disposition 
of the apple (or the mouse) were posed. The subjects were 
asked to draw and explain what the apple (or the mouse) 
would look like after ten years. They were given 
statements of both scientific and alternative views to 
consider, about the decomposition of the apple (or the 
mouse). Space was provided for the subjects to explain 
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where they might have learned the concepts as they related 
them. Formal education in biology or chemistry, and 
experience in composting and gardening were polled. 
Validation Phase 
Survey Data. In the validation phase the survey was 
distributed to many subjects, until 100 were returned (see 
Figure 3). The survey used "alternative concepts" as well 
as the scientific explanations found in the interviews. 
First, we asked an open-ended question: "If an apple were 
lying on the ground, and had been there over ten years, 
what do you think it would look like in the end?" Space 
was provided for written response and a drawing. It was 
followed by the question, "Why do you think the apple, 
after ten years, would look the way it does?" Statements 
from the concept inventory were listed and subjects were 
instructed to circle all choices that were answers to the 
question, "What do you think happens to the apple at the 
end of a long time, ten years?" Tallies of the responses 
and a collection of narratives were taken from the surveys. 
Data Organization and Analysis 
These responses were recorded on a spreadsheet in 
columns for each variable. Percentages were calculated and 
a table constructed to show the results (Table 9). 
Finally, cross-tabs were run on the independent variables, 
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and a chi square was run to determine the frequency of the 
responses to determine if there are significant variable 
that promotes one way of thinking or another. The data for 
these operations are presented on tables 10 and 11, in the 
appendix. Other alternative conceptions taken from the 
written, open-ended section were reported in the narrative 
of this paper. The categories environmental, causation 
agents, and disposition were used to group the statements 
into separate tables. The data were also placed on tables 
according to the three research questions so the results 
could be interpreted. 
Results and Discussion 
The results clearly suggest a high frequency of 
alternative viewpoints, some understanding of the 
scientific view, and correlations evident between 
experience and understanding. This section reports the 
results in table form, then in discussion. The alternative 
views will be presented first, according to themes. All of 
the alternative views presented were chosen by some part of 
the population. Several alternative views were quite 
commonly held. The majority of subjects seemed to be able 
to explain what happens in decomposition; however, fewer 
than half could explain the environmental conditions that 
provide basis for the process. Nearly half expressed no 
idea of what role microorganisms played in decomposition. 
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Environmental Conditions 
While the high number of subjects, 90%, held 
alternative concepts in understanding the role of air in 
decomposition, many also held alternative ideas about 
whether sunlight and/or moisture were necessary for 
decomposition. The majority, 87%, seemed to understand the 
role of temperature in promoting decomposition. 
While the role of environmental conditions was 
mentioned by many, understanding the concept was not 
evident. A high percentage, 90%, of subjects, held 
alternative concepts in their understanding the role of air 
in decomposition. They thought air was necessary for 
decomposition, demonstrating a lack of knowledge of 
anaerobic bacteria. Many still hold alternative ideas 
about the role of sunlight and moisture in decomposition. 
The majority, 87%, seemed to think that temperature did 
something to promote decomposition, and a large portion, 
68%, recognized the role of moisture. 
In the narrative response section of the surveys, the 
environmental factors were only mentioned by one 
individual, who said temperature and weather caused the 
decomposition. Subjects, in the clinical interviews and 
concept maps, had discussed air as a causal agent. For 
example, under the question, "What would cause the 
decomposition of the apple?", one subject answered, "Just 
the air the surroundings, the wind whatever." Another 
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explained that "the air touches the apple and turns it 
brown." The survey data supports the idea that individuals 
have alternative views about the role of air in 
decomposition. One subject said that the mouse would 
decompose "under the right conditions." Temperature was 
mentioned as a major factor, because food spoils faster in 
the warm summer air; she included humidity as something 
that would make it spoil faster. One subject discussed the 
necessity of oxygen as a "catalyst" and a requirement for 
decomposition. Another pointed out that an apple would 
turn brown "if it was exposed to the air." "All I can 
think of is it's something in the air." "Exposed to the 
air." "Eventually that spoils so it's got to be a . . . 
chemical or something in the air." 
Agents of Decomposition 
The alternative concepts were quite varied with regard 
to the agents of decomposition. The narrative section of 
the surveys mentioned many animals (scientists refer to 
them as scavengers) such as worms, birds, and 
microorganisms as agents of decomposition. These were not 
considered alternative views unless the process stopped 
with the animal consuming the apple or the mouse. Some 
combined their agents including weather, animals, 
microorganisms, and "nature." Others chose to stay with 
just one agent, such as an ant. Rain was another agent 
68 
mentioned, "washing the apple or the mouse into the 
ground." The following statements identify agents: 
"Nature takes care of the rest." "It becomes soil because 
of the natural degenerative conditions of the atmosphere." 
"Time will break down the makeup of the apple." "Weather 
disintegrates it and breaks it down." "It degrades due to 
the air." "It breaks down by weather, sun and winter." 
"Weather and maggots will break it down." 
We can see on the table that only 10% individuals did 
not choose microorganisms as agents of decomposition; yet 
43% did not note their role in the decomposition of the 
mouse. Forty percent did not include microorganisms in the 
apple decomposition, either. These inconsistencies raise 
questions about the actual understanding of the 
decomposition process. 
Likewise, the follow-up interviews found similar 
inconsistencies in the understanding of microorganisms. 
Most subjects could not explain their role in 
decomposition. A few mentioned that microorganisms would 
"eat" or "consume" the apple; they stopped there, in the 
same way others did when they said animals ate the apple 
(or the mouse), and stopped there. Two individuals 
admitted that they chose the statement because it "sounded 
scientific" and had no idea what microbes were or what they 
did. > 
Each alternative view was chosen in at least 10 of the 
surveys. Actually, a third or more of the responses 
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indicated alternative concepts attached to all of these 
causal agents except for bacteria, microorganisms and 
gravity. Although it was a notion expressed by relatively 
few, at least 10% affirmed the idea that gravity pulled the 
apple [mouse] into the ground. When asked to explain what 
happened to the mouse or the apple after ten years, 40% and 
43% respectively did not seem to understand the importance 
of microorganisms. 
We administered follow-up interviews primarily to 
determine if the surveys were consistent, but one of them 
revealed yet another alternative view. As we discussed 
decomposition, a subject said that the sugar content or 
pectin in the apple would have an effect on the apple and 
cause it to break down faster. Another seemed to believe 
that when an apple or a mouse decays, bacteria come out of 
it. 
Disposition of Organic Matter 
Alternative viewpoints were given often in explaining 
the disposition of the apple and the mouse. Taken from the 
narrative part of the survey as well as the statements, the 
general concepts have been categorized into four categories 
to show the apparent progression of understanding. 
The first category, which seems furthest from the 
scientific view, consists of asserting that the apple or 
the mouse just "disappears." Subjects said, "It becomes 
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invisible," "Nothing is left," "It disintegrates," "[It] 
disintegrates to nothing," "It blows away," "[It] is not 
visible," "It is completely eliminated," "It degenerates 
away," "Deteriorates," and "Nothing is left after it 
evaporates, nature takes care of the rest". 
The next category contains various perceptions that, 
in some manner, it goes into the soil. Similar statements 
held that it "breaks down into the soil," is "washed into 
the soil," "biodegrades back into the soil," and reported 
that "It could not be distinguished from soil" and "It 
recycles into the soil." 
Those who indicated something was left after ten years 
described it thus: "It [the mouse] decreases itself to a 
flat creature." "It's skinnier than a mouse." "It would be 
wrinkled, dried out and turned to dust." "It would rot 
eaten by bugs until it is black and flat with holes." "The 
apple core would be preserved." "It's gross and mushy." "It 
would be pieces too tiny to see." "It's a skeleton covered 
over by the forces of nature." "It's a small dark rock 
similar to coal." "It has holes in it from sun cold and 
insects." "It stays but is rot." "It is dehydrated." "It is 
shriveled inside the ground." "Seeds are left." "It withers 
and dies." "Bones (skeleton, teeth, fur, or major skeleton) 
are left." 
Finally, there were those statements that are 
considered alternative but which evidence some scientific 
understanding. Among these "scientific alternatives" are, 
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"It would be gone, visible in other life forms, 
metabolically broken down by the forces of nature." "It 
would be absorbed into the soil and eaten by animals." "It 
would be gone - eaten away by microorganisms and the 
nutrients are absorbed into the soil." "Animals would 
utilize it in their quest for survival." "Microorganisms 
and bacteria attack the solids and some fiber - after ten 
years no particles left." "It would recycle." Some seemed 
to employ scientific words but they were not able to 
explain the complete process of recycling. The drawings 
often showed a skeleton remaining (Figure 4). Even those 
who mentioned microorganisms and fertilizer maintained an 
alternative view that the bones do not decompose. 
Follow-up interviews further demonstrated this 
incomplete understanding when one subject discussed the 
breakdown of the apple by microorganisms. He explained 
that the matter went into the ground but he felt it did not 
recycle without something else, such as fertilizer, being 
present. Basically, he ended his description of the 
process in the soil. Another follow-up interview defended 
the alternative view that bones do not decompose by noting 
mummies, dinosaurs' fossils, and exhumed bodies. It was 
firmly believed by several who had also found skeletal 
remains on their woodland hikes. 
The statement that "the apple will biodegrade" was 
chosen by a remarkable 70%, yet nearly half of those 
surveyed thought the apple or the mouse would not recycle. 
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Fifty-five percent of the surveys said the apple would 
disappear and 35% felt the mouse would disappear. Sixty- 
two percent said the mouse would not be plant nutrients; 
67% said the apple would not be plant nutrients. 
What is the distribution of those who hold scientific 
views and those who have alternative views? (See table 5). 
The narrative section of the surveys revealed many views 
that were similar to the scientific view. The subjects 
spoke often of the apple or the mouse being eaten by 
scavengers such as insects, "animals", or birds. They 
described microorganisms breaking down, decomposing, and 
eating the organic matter. One said, "All the chemicals 
break down." Another said, "The apple breaks down to its 
components and can be used by other organisms." No one 
alluded to mold or fungi as an agent, but "rotten" and 
"rot" were mentioned. Unless "moldy" or "rot" should be 
defined as an organism that decomposes, it really doesn't 
qualify as a scientific view. "The apple decomposes and 
fertilizes the ground." "The apple would decompose and now 
acts as fertilizer although after a few months the 
nutrients would be expended." "It became fertilizer." 
A few statements were a bit unclear. They are, "It 
would be absorbed into the soil breaking down into 
chemicals and eaten by animals." "Nothing was left because 
of microorganisms. Some elements will evaporate and some 
will go into the ground to be used by plants and animals." 
The statement "recycled into the soil" might be a 
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scientific view but is not definitive. The same situation 
occurs with the statement "completely broken down into its 
elements," because it does not explain the nutrients that 
go into the plants. The statement "The apple returns to 
the soil and starts the life cycle" seems, again, to be a 
scientific view, but the statement is not quite complete. 
Very few individuals surveyed indicated a scientific view 
in the narrative. In the statement section of the survey, 
the scientific viewpoint is chosen by the subjects in at 
least 50% of the cases. 
Are adults' ideas on decomposition correlated with 
their life experiences? (See Table 9). The independent 
variables of age, gender, education, courses in biology and 
chemistry, and experience with gardening and composting 
were explored to see if there were any significant 
influences on the answers chosen on the survey. Composting 
experience was closely correlated with scientific 
understanding showing the significance .01 under the 
statements: 
"Substances go from soil to plants." 
"The mouse will be changed by microorganisms into 
other substances." 
"Bacteria are necessary for recycling to occur." 
A much greater number of subjects who had composting 
selected the statements involving bacteria, microorganisms, 
worms, and use by plants. These subjects chose the 
statements about the organism becoming soil, but also knew 
74 
that it did not stay in the soil. More of these subjects 
knew that the mouse would not just dry up or break down on 
the inside. Disagreeing with non-scientifically grounded 
statements were also noted. Those falling in the 
significant area p = <.05 were: 
"The mouse will be eaten by large and small animals." 
"The mouse will dry up." 
"The mouse will break into small pieces." 
"Things go into the soil and stay there." 
Most individuals who had taken a chemistry course 
chose the scientific views. "The apple will recycle." had 
a significance of p = .006. Composting had the highest 
number of significant correlations. The subjects with 
experience with composting seemed to understand better, 
consistently choosing the scientific view even where there 
was no statistical significance. 
Gardening held almost as great a significance, 
particularly in "the apple will become rotten, moldy, and 
dry up," or "things decompose, go into the soil and stay 
there;" and insofar as plant and animal matter were 
perceived to recycle. Again, the majority of those 
surveyed chose the scientific views. 
Little of significance was found with most of the 
variables with regard to age. Three areas had 
significance. They were: 
The apple will biodegrade. 
The mouse will have germs on it. 
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The mouse will become fertilizer for plants. 
In all three statements, the older the subject, the more 
frequently they chose the scientific view. 
Statistically the level of education did not seem to 
be a major factor in the acquisition of alternative 
concepts, either. Only the following two showed 
significance: 
• Biodegrade is when things get smaller. 
• The earth's surface is getting bigger each year 
as the apples and leaves fall and animals die (p = .0004). 
The latter has a "p" factor which is quite significant, but 
the reason for the significance was that education was a 
factor in the negative responses to the statement. 
A subject's having taken a biology or chemistry class 
was significant for that person's choosing the scientific 
view in all three statements regarding microorganisms. A 
biology course was significant for "The mouse goes into the 
soil"; more who had had such a course said that it did. It 
showed a significance again in the statement "The earth is 
getting bigger," in that considerably more subjects who had 
had biology chose to say "I don't know." 
Gender seemed to have little effect, only showing 
significance in the statements "The mouse will become part 
of the soil" and "Air is necessary for decomposition." 
More women than men chose "I don't know" for this response. 
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In the narrative of the survey and in the two sets of 
interviews, subjects mentioned that they learned about 
decomposition from public television and programs such as 
Nova and Discovery. Many attributed their understanding to 
school or a favorite teacher of science who inspired them 
to maintain their curiosity for things. Personal 
observations and experiences were a frequent response, as 
were magazines. A few mentioned that it was just common 
sense. Those who mentioned public television were often on 
the first level of understanding. 
The aforementioned data will be further discussed in 
the next chapter. Interpretations and findings will be 
pointed out. Commonly, one research study raises more 
questions and suggests further study. These ideas will be 
explored. 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 
Method and Findings 
This chapter will summarize the findings of the 
research projects. The study will be reviewed, the methods 
restated, the results interpreted, and the important 
findings highlighted. Basic theory is revisited and 
reevaluated. The second section will discuss the 
limitations of this study. We will evaluate the methods 
and suggest ways to improve future studies. Finally, we 
will draw conclusions and make recommendations for 
educational innovations and further research ideas. 
This study grew out of several previous research 
projects which addressed the thinking of both students and 
young adults. The Leach et al. study (1992) of students in 
England gave rise to the Campbell et al. study (1993) at 
the University of Massachusetts at Amherst. Both of these 
studies collected and examined students' ideas about 
decomposition. This study extended the same research to an 
adult sample. 
A longitudinal study in Sweden by Hellden (1993), 
which followed changes in pupils' ideas on decomposition 
over several years, and a study by Waldoch (1994) in which 
students' ideas were studied as they watched the 
decomposition of organic matter over several months 
discovered some interesting ideas. These previous studies 
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all dealt with children. Brumby et al. study (1985), 
however, used young adults in medical school. Their study, 
also, showed difficulties in conceptual development 
regarding microorganisms. What adults understand about 
decomposition is important to the understanding of 
conceptual development. We need to know more about the 
individual's concepts from childhood through adulthood. 
It was anticipated that this study would reveal: 
• Alternative ideas that adults hold about the 
concept of decomposition of organic matter. 
• The distribution of those who hold scientific 
views and those who have alternative views. 
• The correlation between ideas that adults hold on 
decomposition and their life experiences. 
The research was conducted in two phases. The first, 
a qualitative study, took the form of clinical interviews. 
Data from the interviews were then tested on a larger 
population to see if the findings were valid and if more 
information was available. The data were analyzed for 
patterns and frequencies and generalizations were drawn. 
Interpretation of Results - New Theory 
The results of the study strongly indicate that adults 
do hold alternative viewpoints about every aspect of the 
process of decomposition. Their concepts are not unlike 
those of the student populations studied previously. They 
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also have some understandings similar to those of the 
scientific community. These scientific explanations seemed 
to be in evidence at all levels of education, age, and 
experience. Some experiences, such as composting and 
gardening, seemed to have had a significant influence on 
the scientific explanations. The overall results of this 
study indicate that subjects with experience in gardening, 
composting, or course work in chemistry or biology are far 
more likely to understand the microbial function in 
decomposition or the cyclic nature of matter. Finally, 
there is strong evidence that most of the population does 
not understand decomposition in the same way that a 
scientist does. 
The results and discussion will again be grouped 
according to the research questions. No separation will be 
made for the two phases. Under each question, the results 
will be discussed as they lend themselves to patterns of 
thinking. 
What are the alternative concepts that adults hold 
about the decomposition of organic matter? Alternative 
views were evident and seemed to have developed for a 
variety of reasons. The study sought to identify them and 
find some of the possible reasons they might have occurred. 
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"Out of Sight, Out of Mind" 
One explanation as to why these alternative views 
developed was that if the subjects could not or did not see 
something, they knew little about its existence. When 
subjects said or indicated that the apple or the mouse 
"disappeared," they demonstrated this point. Terms such as 
"blow away," "disintegrated," "goes into the ground," "goes 
into the disposal," and "turn to dust" all show the 
subjects had no clear idea where the organism went after it 
left their sight. It may be that they just haven't thought 
about what might happen when it goes out of sight, but 
clearly they had no further explanation. They did not 
necessarily feel it disappeared but once in the ground it 
was just there, or if it blew away it might be still 
blowing around. Further more microorganisms and bacteria 
cannot be seen consuming the decaying organism, so few 
subjects could explain the microbial role in the process. 
The converse was also apparent, with the statement that the 
bones of the mouse are left. Forty-one percent in the 
narrative of the survey and 54% of the statements indicated 
that bones would remain. Subjects who gave this answer had 
seen bones in the woods, or had read about them in 
generalized reports such as "Human bones 3000 years old 
found." Perhaps references to petrified dinosaur "bones" 
and exhumation of embalmed bodies centuries old tend to 
confuse people. The greatest number of subjects, 90%, 
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thought air decomposed their apple. They had seen brown 
spots appear when an apple was exposed to air, and the 
spots had not appeared when the apple was covered. They 
also could not see nutrients from the apple or the mouse 
actually go into plants. They could not see the anaerobic 
bacteria consume the item and convert it to substances in 
the soil. 
It could be concluded that an effort to expose adults 
to the process in a concrete visual manner might influence 
their thinking. If they could see apples decay and perhaps 
observe bacteria growing in a lab experiment, they might 
start the process of building new concepts. 
Overgeneralized Lessons 
On the other hand, there were some who misappropriated 
views from their educational experience. "The force of 
gravity is pulling on all things on earth" is a widely- 
stated scientific view; but it was interpreted literally 
that "gravity pulls the apple down into the soil." We have 
learned from formal education and from personal experience 
that environmental conditions affect things. Rain may add 
moisture to an item that subsequently falls apart, such as 
a discarded piece of bread; therefore, individuals might 
generalize that it is the rain that caused the 
decomposition. "The rain melts it," "The rain makes it 
mushy and it goes into the soil," and "Weather would break 
it down," subjects concluded. 
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"Meanings” 
Semantics cause another set of alternative views. 
Recycle is a term often heard in the media and in schools. 
It has a variety of meanings. Scientists studying 
decomposition, e.g. Putman (1983), refer to a process of 
"recycling" basic materials in the ecological system. 
Waste removal concerns often refer to separating and 
collecting glass, plastic, and paper to be processed and 
made into new items as "recycling." People working with 
crafts "recycle" when they use items again for a different 
purpose, e.g., when they make bird feeders from milk 
cartons. 
Even so, there seems to be another meaning inferred 
from the study that indicates "recycling" means "to go into 
the soil." The idea that the apple "recycles" into another 
apple tree is not entirely wrong, but in concentrating on 
the reproduction of the apple, the subject does not give 
evidence of an understanding of recycling in decomposition. 
Biodegrade is another term that is not clearly 
understood. To some in the study, "biodegrade" means to 
fall apart or to "become smaller and smaller." Others knew 
it means to break down into different substances. Most 
thought biodegradability means that the apple or the mouse 
"won't pollute the environment." 
Defining the word microorganisms was difficult for 
many. They may have heard the term but invented their own 
definitions. Some thought of them as tiny worms or "bugs." 
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Awareness of these different semantic interpretations is a 
vital part of every phase of research and of the 
assumptions drawn from the data. Microorganism used in the 
survey was selected by 84% but the follow up interviews 
revealed a wide range of actual understandings of that 
term. 
We must be aware that simply checking a statement does 
not mean that the researcher and the subject are thinking 
about the same thing. We cannot say that the 69% who 
checked the term "biodegrade," or that the 84% who checked 
for microorganisms understood the terms to mean the same 
thing the researcher did. 
"Dust to Dust" 
Alternative concepts such as that the apple or the 
mouse "go into the soil and stay there" were given by many 
subjects. This is very like the previous research done by 
Leach et al. (1992) and Campbell et al. (1993). Dust was 
used often to explain the disposition of the mouse and the 
apple - "It became dust and disappeared", "It became dust 
and blew away," or "It became dust and went into the 
ground." Dust was specifically cited as a disposition of 
the bones. The phrase "Ashes to ashes, dust to dust" was 
quoted by some in their explanation. Again, biblical 
references or "folk sayings" seem to have great influence 
on the thinking of some adults. This is especially true 
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when the individual does not have an explanation readily 
available in his or her conceptual framework. 
"Dead Fruit” 
Anthropomorphic explanations, attributing to the mouse 
or even to the apple the ability to act out its fate, were 
cited by young subjects in other studies, but few were 
found in this study of adults. One subject said that "age 
would take its toll," and another said the apple "rots, 
dies, and withers." A conclusion might be drawn that 
reliance on reasoning from anthropomorphic parallels does 
diminish greatly with age. 
What is the distribution of those who hold scientific 
views and those who have alternative views? It is well 
known that sometime in the future science may discover 
errors and refine what we now perceive to be the correct 
explanation of decomposition. This is the true nature of 
scientific understanding. Therefore, as we establish an 
acceptable scientific theory to which we can compare the 
alternative concepts, we realize we may have to adjust it 
in the future. The scientific cause of decomposition, as 
we know it now, involves both macro and microorganisms. 
Its process may be accelerated or decelerated by 
environmental conditions, but is not caused by them. 
Animals may ingest or digest the organic material, breaking 
it into smaller parts, converting some of it to energy. 
All organic matter, however, must be broken down by 
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microorganisms at some time before it reaches the state 
that can be recycled by plant life. These microbes are 
classified according to their specific organic products. 
The final phase in decomposing organic material is effected 
by anaerobic bacteria. Without them, our ecological system 
would stop, prematurely starving the earth of its 
revitalization (Putman, 1983) Vertebrate scavengers are 
often responsible for some of the removal of carcasses, but 
the microorganisms called decomposers do more than any 
other agent. Putman cited the example of a herd of 
elephants dying in a drought. The bodies near the outside 
of the pile were consumed by scavengers. Between 95% and 
97% of the bodies located inside the pile were believed to 
have been recycled by microbial decomposition. In this 
particular situation, "scavengers were not able to deal 
with the tremendous superabundance of carrion" (Putman, 
1983, p. 20) Usually the worms, birds, insects, and other 
scavengers do assist the microorganisms in their work by 
providing access. 
Only three of the original subjects interviewed were 
able to explain their answers, including the involvement of 
microorganisms and the breakdown of organic matter into 
reusable substances. Two more gave explanations suitable 
to qualify them as understanding that the mouse and the 
apple would ultimately be used as plant nutrients, often 
called "fertilizer." 
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It appeared that more than half of all those surveyed 
have some understanding of decomposition but closer 
examimation revealed problems with these findings. The 
scientific viewpoint was indicated by 51% ( The mouse will 
be eaten by worms then bacteria then used by plants.) - 84% 
("Microorganisms are involved). As described earlier, 
scientific understanding was considered in three ranks. 
First rank explanations were thorough and included allusion 
to microorganisms or bacteria as the agents of 
decomposition breaking down the organic matter for 
recycling into plant nutrients. A second rank describes 
organic matter, the apple or mouse, is described as 
becoming fertilizer or plant nutrients, without, however, 
any explanation of microbial decomposition. The third 
shows no understanding of fertilizer, cycling, or chemical 
change. The statistics indicate that more than three 
quarters of the subjects knew about microorganisms and 
bacteria; but if we look at the statements chosen, a closer 
examination reveals that these choices were not always made 
with clear understanding. Follow-up interviews 
demonstrated that some of those who chose statements citing 
microorganisms did so because they thought it "sounded 
scientific," though they knew nothing significant about the 
action of these decomposers. 
A better account might come from the written section 
of the survey. Comments on the apple showed only seven 
percent mentioned the recycling of the apple into other 
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plants. This also may be misleading, since so many were 
focused on the apple "recycling" [via its seeds] into a 
tree. The comments on the mouse that gave some indication 
of "recycling" mentality, such as "becomes fertilizer," 
were written by only four individuals. This, too, is in 
direct contradiction to tallies of 66% who chose "The mouse 
will become fertilizer for plants." The follow-up 
interviews demonstrated this discrepancy is closer to the 
single digit percents found in the narrative. The actual 
number may be somewhere in the middle; more than four 
percent might have explained that the mouse becomes 
fertilization if interviewed but less than the 66% would 
understand that the mouse became fertilizer for plants. 
In conclusion, the data revealed that most adults did 
not understand the scientific view of decomposition as it 
would be understood by scientific experts in the field. 
The microscopic and molecular understandings were not 
readily explained during the interviews nor in the surveys 
even though the statements regarding those ideas were 
checked. 
Are adults' ideas about decomposition correlated with 
their life experiences? The results of both the 
qualitative and quantitative studies strongly indicate that 
individuals do hold alternative viewpoints about every 
aspect of the process of decomposition. These alternative 
views were discovered in all age groups of adults, all 
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levels of education, in both genders, and in subjects of 
varying experiences. 
Experience such as composting and gardening was shown 
to have had a significant influence on the scientific 
explanations. Statistical significance was found between 
composting and understanding the need for microorganisms (p 
=.01), bacteria (p = .01), and that the mouse will be eaten 
by worms, then bacteria, then used by plants (p = .03). 
Those with composting background demonstrated a significant 
degree of understanding that the mouse would not just "dry 
up" (p = .03), "break down on the inside" (p = .02), "break 
into small pieces, or go into the soil and stay there (p = 
.02)." They knew that the mouse would be "eaten by small 
animals." Significance (p = .01) was found in the 
understanding that "substances go from soil and air to 
plants." Surprisingly, compost experience did not show 
significant correlation with perception of plant and animal 
matter recycling, but gardening experience did (p = .02). 
Significance was also found between gardening and thinking 
of the apple as "drying up" (p = .03), becoming rotten (p = 
.02), and becoming moldy (p = .03). Gardening (63%, p = 
.01) and composting (68%, p = .02) subjects knew that 
things do not go into the ground and stay there. These two 
experiences seem to drive understanding more than the other 
areas. The individual attempts to make sense of that in 
which he or she is involved. 
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Age seemed to have little significance except in the 
case of the mouse becoming fertilizer for plants (p = .04). 
The older the individuals questioned, the higher the 
percentage (84% 51-60 years old) was of those who chose the 
scientific view. More (93% 51-60 years old) said that the 
mouse would not end "with germs on it" as their age 
progressed (p = .01). 
Education also does not seem to be an important 
variable in the understanding of decomposition. The only 
significant areas were "The mouse became plant nutrients" 
(p = .02) and "Biodegrading is when things become smaller 
parts (p = .05)." 
Courses in biology and chemistry had some influence. 
Both had significance in understanding microorganisms (p = 
.01) and showed that when either course had been taken, the 
subject chose the scientific view more often. They both 
showed significance for the statement "Some of the apple 
goes into the air and stays there" (p = .05 and .01 
respectively), but the choice "I don't know" is what caused 
the significance. A significant correlation was found, 
between having had a chemistry course and mentioning a need 
for moisture in decomposition (p = .04). A significance of 
p = .03 was found to relate the statement "Substances go 
from soil and air to plants" with one's having had 
chemistry. Similarly, a study conducted in England by 
Leach, Konicek and Shapiro (1992) had found chemistry 
courses might help to develop an understanding of the 
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molecular action in decay. The idea of different 
substances being produced and moving throughout the 
ecosystem may be dependent on an understanding of molecular 
conversion - typically learned in chemistry class. 
Little difference could be found between ideas women 
held and those of men. There was a significance of p = 
.006 in the statement "The mouse will become part of the 
soil," but, again, it held little importance to the study, 
since it was only one statement within the understanding. 
Grouped with other data, the significance might have been 
more important. Women did indicate "I don't know" more 
often than men. 
Occupation seemed to have no direct impact on 
understanding. A group of doctors, nurses and morticians 
were examined for trends. Alternative ideas were found to 
be held by nurses, a doctor and morticians. None of these 
subjects could explain the role of microbes, on the survey 
or during the interviews. They all believed air and sun 
were necessary for decomposition, and many felt that 
temperature was important to the speed (although warmth 
temperatures accelerate decomposition extremes of heat and 
cold inhibit the microbial action) important. They saw 
rain as a cause and thought the apple or the mouse would go 
into the soil and merely stay there. Only one in the group 
indicated that the apple would become fertilizer or 
recycle, but all of them saw it biodegrading demonstrating 
the confusion between definitions of biodegrading, 
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recycling and fertilzer. Three in the group including a 
mortician said bones would remain. The morticians even 
said the apple would break down from the inside. On the 
other hand, two individuals who seemed to have well formed 
explanations, stated that their training was the source of 
their knowledge. One worked at a water management site 
where they were constantly concerned with decomposing 
matter in the water and the microorganisms that dwell 
therein. The second individual was a fire fighter, but 
trained to work in soil management. His hands-on training 
at an agricultural school seemed to drive his keen 
conceptual development. 
Interest in science in school and throughout life 
seemed to be a variable that was noted in several of the 
subjects who explained decomposition in microbial or 
chemical terms. When they had a keen interest in science 
they read leisurely from science periodicals or text. One 
individual who seemed to have a crystal clear understanding 
of all aspects of decomposition claimed he had no more than 
a high school education and no science background. When 
asked where he acquired such an understanding, he explained 
that he loved science and "I read everything I can get my 
hands on." Others in the follow-up interviews confessed to 
the same drive to read science articles avidly, and to 
preferring to watch various science oriented programs on 
public television over anything else. This motivational 
factor is not new in educational theory, but is somewhat 
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elusive to pursue in research. This study did not test the 
motivation of its subjects. 
In the same vein but from the opposite direction, one 
subject who did not have a scientific understanding 
explained when interviewed "It [Science] hasn't been 
something I have an interest in enough to follow through 
[what happens after I threw the apple away.]" Many others 
indicated that science was not their forte. Perhaps the 
lack of interest limited their understanding. 
In conclusion, it seems that life experiences such as 
gardening, composting, being an active learner or having 
taken a chemistry or biology course influenced the 
scientific responses. Those with participation in the 
process of gardening or composting held more scientific 
views than those who were not exposed to those experiences. 
This seems to support the emphasis on hands-on science 
learning for all ages. In addition, science educators are 
recognizing, this hands-on experience needs to be coupled 
with "minds-on," or a chance for the individual to make 
sense of the experience. Those who maintained a high 
interest in reading science materials and watching science 
oriented television programs were among those challenging 
their own scientific understandings and looking for new 
meaning. Often a course in biology or chemistry might 
provide enough information and experience to build a 
framework for the concept of decomposition. Those without 
the educational background, but with a keen interest (often 
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On the other called "motivation") have their "minds on." 
hand, individuals without an interest fall short of 
building the scientific views in spite of hands-on 
experience. This may happen because they choose not build 
ideas or to analyze what is happening. The person who 
threw the rotting apple into the garbage disposal is an 
example of this. She had no interest in science, found 
mold disgusting and thought no more about the fate of the 
apple once it was gone. 
Limitations 
The study was dependent upon those individuals who 
were willing to volunteer for both the clinical interviews 
and the surveys. It would have been more valuable and 
reliable if the surveys had been given out randomly all 
over the country, with all socioeconomic levels, ages, 
educational levels and types of experience ultimately 
represented in larger numbers. An effort was made to 
include various ages and education levels from the 
volunteers in the original sample. No such effort was made 
with the second sample other than targeting sites that 
provided individuals with a variety of education and ages. 
Yet, we still would have to depend on those who volunteered 
to be interviewed. The type of individual who volunteer 
often belongs to a group which are risk takers and have a 
confident outlook on their abilities. The original 
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subjects were simply asked if they could be interviewed: 
they had no idea what they were going to be asked. On the 
other hand, those who returned surveys might have had the 
confidence in how they could relate to the topic, or the 
survey respondents might have been the ones willing to take 
the time to cooperate. The many surveys that were not 
returned may have been given to adults who were intimidated 
by the topic. The follow-up interview subjects, on the 
other hand, had filled out the survey and knew what would 
be discussed. As expected, those follow-up subjects who 
volunteered all seemed to produce surveys that showed some 
understanding of the concept of decomposition, and were 
quite confidant that their surveys were "correct." The 
less confident might not have volunteered. The 
distribution of age and education was only controlled by 
the selection of the distribution sites. Some places 
employed individuals with less education than others. 
Unfortunately the returns were lower in these sites. The 
responses include only a 20% population who had a High 
School education or less. The age groupings were also 
skewed because individuals over 50 were not found or did 
not respond. Therefore, eighty-six percent of those 
surveyed were fifty or younger. Fifty-nine percent of the 
responses were female and forty-one percent were male. 
Without making a substantial effort to balance the gender 
distribution this seems to be a reasonable equitable 
distribution. 
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As mentioned previously, there are major difficulties 
in constructing an objective pencil-and-paper instrument 
that does not lead or confuse. Obviously, the subjects 
were aware that the study was studying understanding of 
decomposition. The follow-up interviews confirmed the fact 
that the survey was not the best way to determine the 
conceptual development of the subjects. In an attempt to 
give the "right answer," two subjects admitted they'd put 
"science sounding" choices on the survey when they knew 
little about the topic. For example when asked "What part 
do microorganisms play in decomposition?" one individual 
paled, laughed, and said, "I just circled that because it 
sounded like it was the a scientific answer." 
Another seemed to understand the whole process, had 
been an avid gardener and had done some composting, but, 
through the clinical interviewing technique, it became 
apparent he only considered matter as going into the soil 
and did not consider its disposition further. "The apple 
is mostly water. It will evaporate. What is left is 
devoured by microorganisms. Yes, the apple will be 
recycled into the ground, eaten by microorganisms. It will 
be something else." At this point it appeared he 
understood, but then he said: "I learned about it from 
yard work. I see things rot, get eaten by insects and 
microorganisms and disappear." Probing future indicated he 
had no understanding that the matter went anywhere else but 
into the ground. 
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There seemed no better way to find out about subjects' 
understanding of microbes than to ask them about it 
directly. Yet that, was "leading." If the word 
microorganism had not been on the survey, it seems, it 
would have been part of some of the explanations - 
especially this one. 
The semantic difficulty with "recycle" and 
"biodegrade" probably could be avoided in a clinical 
interview but remains a problem in surveys. 
The original subjects gave some statements that 
alluded to an understanding, saying it made "good soil," or 
"followed the course of nature," and explained the 
breakdown of organic substances into compounds and elements 
such as nitrogen and phosphate. These statements were not 
used in the survey. The difficulty lay in designing a 
statement that accurately gave the information without 
making it obvious that a particular statement could be 
identified as an alternate view or a scientific one. The 
scientific definition of the disposition of decomposed 
matter was even more difficult to place in the survey in 
such a way as to produce reliable data. 
In statistical significance there were many incidence 
where the subjects had an understanding without the 
experiences targeted or held an alternative concept but 
experienced the composting and gardening or chemistry 
course. These < although statistics we were could expect 
indicated other sources that were not targeted by the 
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survey. For example, someone may have a keen 
understanding, no composting, gardening, or formal 
schooling but may have that interest in reading science 
manuals that was mentioned. This researcher was unable to 
explain those individuals' responses with the instrument at 
hand. Another observation statistically 
Finally, because the study contained 65 variables, it 
can only be considered an exploration. Research on any one 
of these findings would produce a more empirical study. 
Statistically that many operations might produce a great 
chance of statistical error. For example the statistical 
error of this study must be compounded by the 65 operations 
and none of the data can be considered statistically 
accurate. The results are interesting and should lead to 
studies that will pursue various items in detail. 
Implications 
Adults are not unlike children in their understanding 
about decomposition. Smith and Anderson (1986) found 
similar results with their young subjects. Their students 
did not mention recycling of matter or microorganisms as a 
part of their description of rotting. Time and weather 
seemed to them more important to decay. None of their 
subjects mentioned the conversion of organic matter to 
water and carbon dioxide. Since adult subjects have 
similar difficulties in assimilating the concept, then, 
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whatever strategies are found for the classroom may be 
quite appropriate for adult education as well. 
It might follow that the results of the study would 
drive curriculum choices and strategies. Perhaps these 
results and those of other similar studies will influence 
science educators currently writing curriculum guidelines 
for the state and the country. They might include 
constructivist strategies, hands-on and minds-on classroom 
experiences with decomposing matter, and diagnostic 
research techniques. If experience with composting or 
gardening was a significant variable in understanding the 
concept of the cyclic nature of matter perhaps it could be 
included in the future lessons. Personalizing the 
experience seems to be an important aspect in the 
motivational factor. 
Adult education might also structure its training 
around these findings. Food preparation and preservation 
is assumed to be understood by all, yet, this study shows 
adults do not understand bacteria and microorganisms. 
Political decisions regarding landfills, water treatment 
and community composting could be made more wisely if the 
body politic did not harbor alternative views about 
decomposition and instead understood the science behind 
these processes. The media is a marvelous means of 
influencing the thinking of adults. Once an area such as 
this is identified as an area that is understood by few, 
programming containing visual experience can begin the 
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process of building the foundation for the whole concept to 
be understood. 
Finally, the most apparent outcome of this study is 
the observation that the subjects seemed to pretend to 
understand on the paper-and-pencil instrument, but 
interviews proved this understanding to be imperfect. This 
"bluffing" exists on tests in the science classroom. 
Clinical interviewing reveals a better picture of what the 
student has learned, but we realize the impractical side of 
this procedure. Concept maps could become useful 
instructional tools in the classroom, revealing more 
understanding than tests, and would be easier to administer 
than private interviews. They could be used to determine 
the alternative frameworks, then how much those ideas have 
changed after instructional experiences and finally later 
to determine what development was actually made in the 
concept. 
Suggestions for Future Research 
Researchers are continually searching for strategies 
that will make learning experiences more effective. 
Analogies, cooperative learning, bridging ideas, setting up 
conflicting situations, and the many approaches of problem 
solving are but a few. Perhaps additional studies will be 
conducted with this study as inspiration. When Lawson 
claimed students did not know about cell theory or 
100 
photosynthesis because of lack of experience with those 
things, he insinuated that just having the experience would 
have made the difference. Maybe an empirical study testing 
what effect experience with the microscopic world and 
microbiology training would have on the conceptual 
understanding of decomposition. In the same way, the 
evidence that some individuals trained in chemistry, that 
experience unlocks the secret of molecular understanding 
and transfers it to understanding of the breakdown of 
organic matter might be measured. The actual amount of 
this transfer of conceptual understanding could be tested 
further. Research testing the hypothesis that chemistry 
concepts are more important to the understanding of 
decomposition and recycling than biological training might 
be informative. 
In the same way, it might be interesting to 
investigate students at various grade levels who have 
worked on school wide composting projects for several 
years. It would be interesting to compare such student 
interviews and concept maps with those of children who had 
no such experience. Their explanations of cycling matter 
might differ drastically from those of other students and 
adults. The single variable, composting experience, would 
provide data of a more specific nature. 
Concept maps have proven their value in determining 
the whole picture of an individual's conceptualization. 
Many researchers have used them not only as a means to 
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identify what an individual is thinking, but also as a 
means to allow the student, no matter how old, to see his 
or her own conceptual changes as they occur. Teachers have 
started to use them as a classroom tool for developing 
concepts. The concept map could be coupled with any aspect 
of these proposed studies to give a better insight into 
what is happening. 
The alternative view that bones do not decompose, or 
that they lie around for thousands of years, is an 
interesting one that might lead to more studies. In two of 
the follow-up interviews, a discussion arose about the 
disposition of bones. Both subjects quite firmly stated 
that bones never decomposed. Explanations were based on 
their actual experience, and were further reinforced by 
things they had read. It was quite evident they were not 
going to give up this view. It made sense to them, and 
they felt they had proof. Working on this concept might be 
an interesting experiment to test a strategy. It certainly 
would take more than Mjust telling them" that bones do 
decomposed although over a longer period of time than soft 
organic material. 
The alternative view of recycling "means" that 
includes the reproductive function of the an apple, a to 
seed become a tree, probably blocks further understanding 
about decomposition. This provides a "side track" and may 
often inhibit assimilation of the scientific views. A 
study of the application of various education methods in an 
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attempt to raise the level of understanding of 
decomposition and to help the subjects revise their 
theories might be appropriate. 
Motivation is an issue that has been discussed here 
and by science educators for years. Constructivists agree 
that previous experience can be used as a motivator. The 
first subject interviewed seemed to have the second level 
of understanding of decomposition. After the interview, a 
discussion arose as to what actually happened and how 
microorganisms played a part. This subject had experience 
with gardening and composting and was quite interested in 
the process. Over the next few months, she sent me many 
clippings on composting, including an advertisement for 
microorganisms to accelerate the decomposition of one's 
compost. The interview had sparked her learning. It is 
entirely possible that she could now explain the process as 
well as some of the "experts". 
More work with the scientific understandings of adults 
on this topic seems needed. Identifying the existence of 
the alternative views is only the beginning. If the 
understanding of the world as a whole moves ahead, it will 
do so by the developing consciousness of our children; but 
we must also be aware of the vast population of adults who 
influence what happens. They also might impart their ideas 
to the future generations, with every conviction that 
theirs is the scientific view. The adults in this study 
included doctors, morticians, food service employees, 
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greenhouse workers, and teachers. We assume the population 
understands when media announces breakthroughs that occur 
in science. How many really understand? How many have an 
understanding of DNA? "They found the bones of a 3000- 
year-old human" will probably continue to be literally and 
simplistically believed by the majority of people, who fit 
the patterns described in this study. 
Conclusion 
This study has taken us from the setting of students 
in classrooms to the adult world. Exploring the scientific 
ideas of adults as well as their alternative views, we have 
a small window on how scientific understandings develop and 
what happens through the adult years. As we suspected, 
there are innumerable ways to explain concepts. These 
understandings, both scientific and alternative, seem to be 
influenced by experience. Educators can be aware of the 
influence of popular phrases and their influence on 
conceptual development. Many participants had felt they 
have been greatly influenced by popular information media. 
By studying the adult population, educators may gain 
insight not just into what is being learned, but from which 
avenues information flows, and to what end. Creative, more 
effective programs may develop in science education, on all 
levels, through the media as well as the schools. 
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Table 2 
Concept Inventory 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The apple will 
The rain washes 
disintegrate 
lacro - worms, 
is eaten by fungi. 
become small parts 
or small animals). 
grows into a new plant, 
feed plants with nutrients, 
flatten into the ground, 
become dirt, 
evaporate into the air. 
Microorganisms convert the apple to a new compound. 
The apple has tiny plants growing on the rot. 
The apple rot is the aging of the apple. 
The apple rot is the apple turning to a liquid. 
The apple will sit there shriveled up. 
The apple will go into the ground. 
The apple makes fertilizer 
The apple will become an apple tree. 
Gravity will make the apple go into the ground. 
The hotter the temperature the faster it will rot. 
The colder the temperature the slower it will rot. 
The mouse will become a pile of bones. 
The mouse will be eaten by bugs. 
The mouse will become plant nutrients. 
The mouse will become different substances. 
The mouse will become a spirit. 
The mouse is pulled into the ground by gravity. 
The mouse will disappear. 
The mouse will become part of the soil. 
The mouse will be a pile of bones left on the soil. 
The mouse will not make fertilizer for plants. 
The mouse will have germs and the apple will not.. 
Microorganisms will change the mouse to a new substance. 
The mouse will be eaten by animals like ants.^ 
The mouse will disintegrate into very small pieces. 
The mouse will become moldy. 
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Table 3 
Environmental Factors Influencing Decomposition 
3. Air is necessary for decomposition. AV 90% 
U 2% 
SV 8% 
4. Sunlight is necessary for decomposition. AV 39% 
U 9% 
SV 52% 
2. Moisture is necessary.** AV 23% 
U 9% 
SV 68% 
7. The warmer the temperature, the 
faster the decomposition occurs.** AV 11% 
U 2% 
SV 87% 
AV = alternative views 
U = undecided 
SV = scientific views 
** = scientific views are stated 
N = 100 
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Table 4 
Causal Agents Influencing Decomposition 
9. Rain breaks up the apple and causes it AV 42% 
to decompose. U 17% 
SV 41% 
12. Bacteria is necessary for recycling to AV 5% 
occur.** U 17% 
SV 78% 
15. Micro-organisms are involved with AV 10% 
what happens.** U 6% 
SV 84% 
28. The apple will be pulled into AV 12% 
the ground by gravity. U • 
SV 88% 
31. The apple will break down on the AV 34% 
inside. U • 
SV 66% 
38. The apple will be consumed by AV 40% 
micro-organisms.** U • 
SV 60% 
44. The mouse will be eaten by bugs. AV 33% 
U • 
SV 67% 
47. The mouse will be changed by AV 43% 
micro-organisms into different substances.** U • 
SV 57% 
49. The mouse will be eaten by large AV 41% 
or small animals. U • 
SV 59% 
50. The mouse will be pulled into the AV 10% 
ground by gravity. U • 
SV 90% 
57. The mouse will be eaten by worms AV 48% 
then bacteria then used by plants.** U • 
SV 51% 
AV = -alternative views 
U = undecided 
SV = scientific views 
** = scientific views are stated 
N = 100 
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Table 5 
The Disposition of Organic Matter after Ten Years 
5. Plant and animal matter will recycle.** AV 10% 
U 15% 
SV 75% 
8. Substances go from soil and air to plants.** AV 18% 
U 8% 
SV 74% 
10. Things go into the soil and AV 26% 
stay there. U 26% 
SV 62% 
11. Some of the apple goes into AV 44% 
the air and stays U 17% 
SV 39% 
21. The apple will shrivel up. AV 33% 
SV 67% 
22. The apple will disappear. AV 55% 
SV 45% 
23 . The apple will become moldy. AV 26% 
SV 74% 
24. The apple will become fertilizer.** AV 31% 
SV 68% 
25. The apple will go into the ground. AV 53% 
SV 47% 
26. The apple will become different 
substances.** AV 55 
SV 45% 
27. The apple will become rotten. AV 30% 
SV 70% 
29. The apple will become an apple tree. AV 35% 
SV 65% 
AV = alternative views 
U = undecided 
SV = scientific views 
** = scientific views are stated 
N = 100 
Continued, next page. 
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Table 5, continued: 
30. The apple will evaporate into air. AV 15% 
SV 85% 
31. The apple will break down inside. AV 34% 
SV 66% 
32. The apple will become nutrients 
for plants.** AV 67% 
SV 33% 
33. The apple will leaves seeds. AV 16% 
SV 84% 
34. The apple will become a spot of mold. AV 10% 
SV 90% 
35. The apple will dry up. AV 26% 
SV 74% 
36. The apple will recycle.** AV 47% 
SV 53% 
37. The apple will biodegrade.** AV 30% 
SV 70% 
43. The mouse will end up a pile of bones. AV 54% 
SV 46% 
45. The mouse will become fertilizer 
for plants.** AV 34% 
SV 66% 
•
 
00
 The mouse will become plant nutrients.** AV 62% 
SV 38% 
51. The mouse will become a spirit. AV 9% 
SV 91% 
52. The mouse will break into small pieces. AV 26% 
SV 74% 
53. The mouse will become moldy. AV 21% 
SV 79% 
Continued, next page. 
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Table 5, continued: 
54. The mouse will disappear. AV 35% 
SV 64% 
55. The mouse will becomes soil. AV 71% 
SV 29% 
56. The mouse will be a spot of decay. AV 22% 
SV 78% 
58. The mouse will become dust. AV 31% 
SV 69% 
59. The mouse will become smelly. AV 28% 
SV 72 
60. The mouse will become part AV 15% 
of an apple tree. SV 87% 
64. The mouse will recycle.** AV 47% 
SV 53% 
65. The mouse will biodegrade.** AV 35% 
SV 65% 
AV = alternative views 
U = undecided 
SV = scientific views 
** = scientific views are stated 
N = 100 
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Table 6 
Scientific Views and Alternative Views 
12. Bacteria is necessary for recycling to AV 5% 
occur.** U 17% 
SV 78% 
15. Micro-organisms are involved with AV 10% 
what happens.* * U 6% 
SV 84% 
•
 
CNJ
 The apple will become fertilizer.** AV 31% 
SV 68% 
32. The apple will become plant nutrients.** SV 67% 
AV 33% 
u
>
 
00
 
•
 The apple will be consumed by AV 40% 
micro-organisms.** U • 
SV 60% 
45. The mouse will become fertilizer 
for plants.** AV 66% 
SV 34% 
47. The mouse will be changed by AV 43% 
micro-organisms into U • 
different substances. ** SV 57% 
•
 
00
 
The mouse will become plant nutrients.** AV 62% 
SV 38% 
57. The mouse will be eaten by worms. AV 48% 
then bacteria then used by plants.** U • 
SV 51% 
AV = alternative views 
U = undecided 
SV = scientific views 
** = scientific views are stated 
N = 100 
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Table 8 
Occupations Represented 
cytologist 5% 
teacher 7% 
nurse 3% 
students 11% 
fire fighter 3% 
greenhouse worker 3% 
funeral director 2% 
housewife (domestic goddess) 1% 
medical worker 1% 
doctor 1% 
lab workers 3% 
food service worker 1% 
bus driver 1% 
mattress factory worker 5% 
insurance and computers 14% 
other various positions 39% 
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Table 9 
Chi Square Calculations for Correlations with Life 
Experiences 
Chi Square Environmental 
Factors Age Ed. Bio. Chem. Compost Garden Gender 
Air is necessary for 
decomposition. .81 .32 .93 .87 .67 .30 .02 
Sunlight is necessary for 
decomposition. .12 .21 .98 .37 .61 .12 .36 
The warmer the temperature the 
faster the decomposition occurs. .78 .75 .85 .59 .36 .28 .15 
Moisture is necessary for 
decomposition. .42 .28 .20 .04* .17 .23 .47 
Biodegrade is when things 
become small parts. .23 .05* .02* .42 .49 .40 .09 
Rain breaks up the apple and 
causes it to decompose. .77 .56 .50 .11 .77 .92 .64 
Bacteria is necessary for 
recycling to occur. .77 .69 .48 .07 .01* .14 .26 
Microorganisms are involved 
with what happens. .93 .29 .01* .01* .06 .34 .10 
The dead mouse and the apple 
change in different ways. .75 .78 .75 .56 .85 .84 .60 
The earth’s surface is getting 
bigger each year as the apples 
and leaves fall and animals die. .47 .0004* .01* .78 .98 .26 .11 
Substances go from soil to 
plants. .78 .46 .17 .03 * .01 * .06 .42 
Plant and animal matter will 
recycle. .15 .72 .57 .23 .48 .02 * .34 
Some of the apple goes into the 
air and stays there. .78 .08 .05* .01* .20 .48 .39 
Things decompose, go into the 
soil and stay there. .76 .27 .95 .30 .02* .01* .45 
The apple will shrivel up. .86 .61 .35 .91 .72 .07 .52 
The apple will biodegrade. 34* .10 .05* .20 .59 .40 35*“ 
The apple will disappear. .07 .15 .49 .98 .77 1.0 .31 
The apple will become nutrients 
for plants. .37 .34 .10 .91 .43 .83 .50 
The apple will become moldy. .47 .70 .53 .13 .66 33”* .27 
The apple will dry up. .21 .32 .53 .30 .35 33“* .53 
The apple will evaporate. .64 .09 .13 .69 .22 .48 .93 
The apple will become fertilizer. .60 .31 .87 .75 .34 .07 .39 
The apple will be pulled into the 
ground by gravity. .30 .28 .75 .25 .76 .21 .05 
The apple will go into the 
ground. .23 .24 .06 .26 .57 .84 .91 
The apple will break down on 
the inside. .44 .51 .61 .48 .15 .24 .97 
The apple will recycle. .48 33- 33* .006 .69 .35 .91 
he apple will leave a few seeds. .70 .74 .12 .57 .19 .89 .75 
The apple will be rotten. .60 .75 33- .27 .59 33* .75 
The apple will become a tree. .23 .12 .91 .40 .64 .10 88 
Continued, next page. 
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Table 9, continued 
Chi Square Environmental 
Factors Age Ed. Bio. Chem. Compost Garden Gender 
Air is necessary for 
decomposition. .81 .32 .93 .87 .67 .30 .02 
The apple will become a spot of 
mold. .50 .97 .24 .02* .78 .40 .19 
The apple will be consumed by 
micro-oganisms. .73 .15 .01* .01* .80 1.0 .56 
The mouse will become part of 
the soil. .40 .15 .04* .33 .23 .91 .006 
The mouse will be changed by 
micro-organisms into other 
substances. .39 .19 .14 .56 .01* .22 .33 
The mouse will be eaten by 
large or small animals. .46 .67 .32 .89 .01* .26 .62 
The mouse will be pulled into 
the ground by gravity. .32 .87 .24 .42 .10 1.0 .95 
The mouse will be a pile of 
bones. .5 .23 .14 .91 .25 .26 .72 
The mouse will be eaten away 
by bugs. .08 .62 .10 .57 .35 .39 .27 
The mouse will become a spot 
of decay. .06 .29 .24 .14 .23 .40 .09 
The mouse will disappear. .06 .29 .97 .94 .70 .29 .78 
The mouse will biodegrade. .12 .20 .14 .60 .7(5 .60 .15 
The mouse will dry up. .13 .32 .40 .99 .03* 1.22 .53 
The mouse will turn to dust. .40 .85 .32 .51 .23 .91 .23 
The mouse will evaporate. .71 .18 .17 .50 .22 .76 .42 
The mouse will become fertilizer 
for plants. .04* .22 .12 .48 .56 .52 .64 
The mouse will have germs on 
it. .01* .39 .61 .48 .87 .24 .20 
The mouse will break down on 
the inside. .08 .66 .13 .19 .02* .18 .50 
The mouse will become moldy. .61 .77 .80 .42 .09 .08 .23 
The mouse will become 
nutrients for plants. .20 
*
 
CVJ
 
o
 
.23 .92 .52 .47 .31 
The mouse will recycle. .21 .92 .91 .26 .14 .22 .91 
The mouse will break into very 
small pieces. .46 .84 .98 .13 
«
 
CM
 
O
 
.11 .75 
The mouse will become a spirit. .36 .93 .29 .7(5 .81 .40 .33 
The mouse will be eaten by 
worms, then bacteria, then used 
by plants. .46 .34 .05 .34 .56 .23 .66 
The mouse will become part of 
an apple tree. .88 .42 .13* .10 .95 .76 .22 
* = pc.05 
** = scientific view stated 
n = 100 
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What happens to an 
apple if it is left 
on the ground for a 
very long time? 
What does that 
(word) mean? 
What happens after that? 
What happens in the end? 
Could you explain 
that more? 
What would these 
be like? 
Could you explain 
what you mean? 
Where does it go? 
What happens to a dead 
mouse that is left on 
the ground for a very 
long time? 
Could you explain 
that a little more? 
Have you ever 
had a garden? 
What is fertilizer? 
Some people have 
mentioned that 
microorganisms might 
be involved. 
What do you think? 
Figure 1 The Flow Chart 
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Figure 2 Distribution Demographic 
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